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Death of The death of Lieut.-Col. 
Colonel Gaillard David DuB. Gaillard in Bal- 

timore last week marks the 
first break in the ranks of those great engi- 
neers to whom the Panama achievement is to 
be credited. Not less bravely than the soldier 
whose career ends on the battlefield did he 
give up his life in the service of his country. 
The severity of his duties combined with the 
climate undermined his health. As division 
engineer in charge of all of the excavation 
between the Gatun Dam and the Pedro Miguel 
locks he bore a very heavy responsibility in 
the execution of the great enterprise. His 
work and ability are testified to by all of his 
associates, and none of the praise that is justly 
his is more sincere than that of the chief engi- 
neer of the canal himself. It is entirely fitting 
that Congress should show appreciation of his 
efforts by special enactment in favor of his 
widow, as has been proposed. With the other 
men still fighting the engineering battles on 
the Isthmus, his name will go down in history, 
for the Panama Canal will assume important 
rank in American annals. 


At the recent Conservation 
Congress Miss Mabel Board- 
man, chairman of the execu- 
tive committee of the American Red Cross, 
pointed out the work that lay before sanita- 
rianus in lumber camps. The work is by no 
means a small one. In the State of Wash- 
ington alone no fewer than 47,000 men are em- 
ployed in the lumber districts, while 800,000 
is the estimate for the whole country. These 
men all live under comparatively primitive 
conditions, in more or less temporary camps, 
where sanitation, unless the management is 
progressive, is likely to be one of the last 
thoughts. She offered, on behalf of the Red 
Cross, to co-operate with lumber companies 
in supplying physicians who would give 
simple instruction not only as to camp sani- 
tation but also as to first aid and the preven- 
tion of accidents. Attention is called to the 
matter here because good results would prob- 
ably be obtained by investing the State board 
of health with supervisory and police powers. 
This has worked successfully in at least one 
State, The subject deserves the attention of 
sanitarians throughout the country. 


Camp 
Sanitation 


Is the Old 
Bridge Safe? 


Investigations of the adc- 
quacy of old bridges under 
increased traffic stresses are 
quite general in railroad offices, but even so 
the subject holds possibility of so much trou- 
ble that a sermon preached upon such a force- 
ful text is justified. It is a human trait to 
“weary in well doing.” Recently a condition 
of affairs was discovered in an old bridge 
which should cause the same tightening of 
discipline as would a failure of the structure. 
The bridge was a deck cantilever with a maxi- 
mum span of about 330 ft., put im service in 
1885. After twenty-seven years of service it 
was declared too light for the heavier rolling 
stock and was replaced by a new structure. 
The-old bridge did not show any considerable 
amount of deflection under the heavy loading, 
but after being dismembered it was found that 
the tension members had become so badly 
crystallized that, in the opinion of the engi- 
neer in charge of the work, “it was a wonder 
that the bridge stood up.” The fact that the 


deck of this structure was about 100 ft. above 
a stream so swift that soundings had never 
been possible and that the depth of the can- 
yon was unknown shows how serious failure 
at this point would have been. If the bridge 
had/failed one can readily imagine the queries 


‘that would have passed around the engineer- 


ing department of railroads as to_the possibil- 
ity of similar conditions obtaining on their 
structures. Should not the incident serve as 
a sufficient warning for the same sort of rigid 
inquiry that would have resulted had this 
bridge gone into the unfathomable canyon? 


Dragging Down “\What is a progressive?” is 
the Profession a question that can be asked 

as well in engineering to-day 
as in politics. Engineers of the highest stand- 
ing are endeavoring through national and 
local societies to elevate the standards of the 
profession and thus secure for the engineer 
the recognition which his training and respon- 
sibility. warrant. In Chicago a number of en- 
gineers have banded together as the Chicago 
Technical League for the purpose of securing 
larger compensation, and they undoubtedly 
feel that they, too, are raising the standing of 
engineers, for their standard is based on re- 
muneration. They have thought to strengthen 
themselves by affiliation with the American 
Federation of Labor. They unquestionably re- 
gard themselves as progressives, though the 
majority of the profession would prefer to 
accord that title to those who are working to 
elevate the standard in another direction. The 
great upward effort in engineering has been to 
establish itself as one of the recognized pro- 
fessions. The gentlemen in Chicago evidently 
are not in sympathy with that movement, for 
they have deliberately cast their lot with the 
skilled mechanic, the class to which the engi- 
neer was at one time supposed to belong. In- 
stead of elevating they are pulling down; in- 
stead of securing professional recognition they 
have gone back generations and would some 
day require that the engineers again fight their 
way upward. That they will find their new 
association uncongenial—not in a_ personal 
way—but from the standpoint of aims and 
occupation the Engineering Record unhesitat- 
ingly predicts. Of course, the political possi- 
bilities of such an organization with certain 
types of politicians may be large, and here 
again would come the claim of the Chicago 
‘Technical League that it was working in the 
same direction as the leaders in engineering— 
for has not the American Institute of Consult- 
ing Engineers urged upon the Governor of 
New York, the Mayor of New York City and 
the President of the United States the appoint- 
ment of engineers to high places in which their 
technical knowledge would be invaluable to the 
respective governments? The Engineering 
Record believes, however, that the endorse- 
ment of the Chicago Technical League— 
which means the endorsement of the American 
Federation of Labor—will not go far, except 
with politicians of the old spoils type. When 
the qualifications of an engineer are at issue, 
the opinion of engineers, not of laboring men, 
will be sought, no matter how excellent 
these men may be personally. If a labor ap- 
pointment were at stake, surely the endorse- 
ment of a national engineering society would 
have no weight. The proposed plan of the 
Chicago Technical League to endorse an 


engineer for membership on the new Illinois 
Public Utility, Commission will, therefore, be 
watched with interest. The Engineering 
Record hopes that the members of the Chi- 
cago Technical League will see the error of 
their methods and discontinue their relations 
with the American Federation of Labor. 


Attention was called in these 
columns on Noy. 22 to the 
advantages of the roller type 
of movable dam. The subject holds such pos- 
sibilities for American practice that the Engi- 
neering Record presents on page 654 a com- 
prehensive article on the subject, embodying 
not only the principal details with which a 
designer needs to be acquainted but also data 
on methods of calculation. That this type of 
dam promises to come into rapid favor in the 
United States is evidenced by the recent in- 
stallation on the Boise project of the Recla- 
mation: Service and the adoption of a goodly 
sized structure for the Grand River Dam in 
Colorado for the same service and another for 
the Long Lake Development of the Washing- 
toh Water Power Company, That there is 
need for data such as are presented in the 
paper in this issue is apparent from a recent 
case where a dam of the roller type had not 
been considered at all in a location particularly 
adapted to this type of structure. One point 
should be especially noted—that the depth of 
opening is not limited by the economical height 
of a single roller. Although spans with two or 
more rollers have not been built there seems to 
be no good reason why the type could not be 
employed. The limitations will enter, of 
course, in the dimensions and height of piers, 
but it seems that these would not be reached 
even with two rollers. The rolling dam, nat- 
urally, is more expensive per linear foot than 
other types, but the fact that it permits deeper 
and larger discharge openings shortens very 
considerably the spillway section of the dam. 
This point was made clear in the editorial in 
the issue of Nov. 22. Of course, the higher 
cost must be balanced against the saving in 
concrete and excavation due to the shortening 
of the spillway section, but this is only one of 
the ordinary factors entering in the compari- 
son of any engineering structure. It is not out 
of place to call attention to the fact that the 
leakage can be cut down to very low figures. 
Without a study of the details one would be 
inclined to expect that the leakage would be 
large. To what small amount it can be held, 
however, is apparent from the guarantee made 
by the contractor for the rollers on the Long 
Lake Development of the Washington Water 
Power Company. On three rollers 65 ft. long 
and 19 ft. high the leakage is guaranteed not 
to exceed 2 sec.-ft. for the three. A very 
suitable place for rolling dams is in the Ohio 
River at places where dams of the “bear-trap” 
type are used. 


Design of 
Rolling Dams 


The Hetch-Hetchy battle is 
nearing the decisive conflict. 
‘The sSenate << ‘ons.,Dech .6, 
passed the Raker bill by a vote of 43 to 25 
and it now goes to the President for his sig- 
nature. That every means will be employed to 
induce him to veto the measure is accepted by 
all who have followed the controversy. In 
view of the technical data in support of the 
project, and the fact that the reservoir will not 


Hetch-Hetchy 
Bill Passes 
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destroy the beauty of the park—as every one 
except an intemperate enthusiast must admit— 
it is hoped the President will display again 
the sound common sense which has character- 
ized his other acts and sign the measure. The 
wild statements that have been made in the 
press about this project show an utter disre- 
gard of the facts. The New York ‘Times,’ 
for example, normally sane in its comment, 
indulges in language that is nothing short of 
ludicrous. “One National Park Lost’ is the 
title of its editorial on the Senate’s action, 
even though John Muir has admitted that the 
area to be covered by the reservoir is only 
“about 3% miles long and of a width vary- 
ing from % to 34 mile.’ It compares the 
giving of the Hetch-Hetchy valley to. San 
Francisco to the surrender by a city of one 
of its parks for “commercial purposes’’—mani- 
festly a far-fetched and unfair comparison in 
view of the fact that San Francisco will use 
the valley for a municipal water supply. Then, 
finally, the “Times” rants about the mainte- 
nance of a lobby in Washington and intimates 
that the opponents of the scheme have neg- 
lected to bring influence to bear on Congress. 
The latter intimation is absolutely false, as the 
editorial itself shows, for it says: “They [the 
opponents] had the press and enlightened pub- 
lic opinion and all men of public spirit on their 
side.” And the press was enlisted by a well- 
planned and persistent campaign in which the 
newspapers were supplied with burning pro- 
tests from Robert Underwood Johnson, John 
Muir, and other distinguished men. In other 
words, the campaign against the measure did 
not lack support and, in fact, was bolstered up 
by the most powerful agency in the country— 
the press. Certainly no lobby could influence 
Congress more than the press, pouring out 
daily the sentiment manufactured and sent 
out as “press material” by the nature-loving 
enthusiasts. It speaks well for the independ- 
ent thinking of the Senate that it was able to 
withstand the assault. The President, the pub- 
lic knows, will approach the subject with an 
open mind. The weight of technical evidence, 
the fact that the Secretaries of Agriculture 
and the Interior, the Army Board of Advisory 
Engineers, the directors of the Reclamation 
Service and the Geological Survey, and the 
Chief Forester see no objection to the meas- 
ure, and that the claims of the nature lovers 
are far overdrawn should convince the Presi- 
dent that the bill merits his approval. It 
should be clearly understood that there is no 
intention on the part of this journal to attrib- 
ute unworthy motives or practices to the op- 
ponents of the measure. They are enthusiasts. 
Their ardor has led them to exaggerate the 
matter, and as a result they have beclouded 
the issue for the newspapermen of the country, 
who have been guided by the “press matter” 
of the opponents and have not viewed the en- 
tire subject impartially. 


Ideals of the Technical Schools 


The thesis of Dr. Goss’s presidential ad- 
dress before the American Society of Me- 
chanical Engineers last week is well ex- 
pressed in a sentence from the closing para- 
graph: “The problems of the technical school 
should not be left to the schoolmaster, for, 
roughly interpreted, they are not the problems 
of the school but the problems of the profes- 
sion.” 

In proving his thesis he has set up ideals 
for the technical school that should not only be 
an inspiratton to teachers but should help to 
convince young engineers of the possibilities 
in a teaching career. Of special significance 


were his views on the “mastery” that is de- 
manded in the high-grade teacher and of the 
future of the engineering school laboratory. 

The need of the technical school to-day, Dr. 
Goss said, was for increased quality in its in- 
structional staff. Great leaders are few. 
Probably the trouble can be found in the point 
of view. Too often the teachers work is 
looked upon as a “job,” not as a career, and 
interest and enthusiasm are measured largely 
by financial returns. In saying this there is 
no intention of broadly indicting the engi- 
neering teachers of the country. Many of 
them regard their work as a profession and 
are devoted to it, but many more there are 
whose devotion is tempered by a yearning 
for the supposedly “green fields” of lucrative 
practice beyond. 

Fortunately the low compensation of which 
teachers complain is rising. Dr. Goss realizes 
that the compensation heretofore has been a 
serious handicap to the efficiency of the tech- 
nical school, and so he argues not only for 
higher ideals but for a substantial increase of 
the teacher’s remuneration. 

Greater financial liberality will undoubt- 
edly have a salutary effect on the teaching 
staff, but the chief improvement must come 
by striving toward the ideals Dr. Goss has set 
forth. If these are partly realized the vista 
will open before the young man while still in 
college, and he will be willing, in order 
eventually to scale the heights of profes- 
sional achievement, to prepare himself 
worthily, by post-graduate work in college 
and in the field of experience, for a university 
career. The ideals that Dr. Goss has set up 
are freedom from ‘deadening routine and the 
development of the engineering-school labora- 
tory so that it may contribute largely to the 
advancement of the profession. “Masterful 
leadership” is incompatible with the handling 
of petty matters, while a laboratory which is 
pushing forward the bounds of human knowl- 
edge is an inspiration: to every man in the 
institution, student and professor alike. One 
who has talked to the students of schools 
which have contributed substantially to the 
fund of professional knowledge will appreci- 
ate that in none of their institution’s achieve- 
ments do they take a greater pride. Dr, 
Goss’s words in this connection deserve spe- 
cial note. 

“A laboratory,” he says, “which has been 
evolved through the activities and desire of 
a master is not only priceless for the school 
that possesses it, but necessary aS a source 
of information of the highest value to the 
field of practice which it is designed to 
serve. Assuming that the country 
has need of research laboratories for pur- 
poses quite apart from the work of instruc- 
tion, it can, I think, be shown that the tech- 
nical schools constitute the most promising 
agency in our national economy upon which 
to place the responsibilities incident to their 
creation and maintenance.” 

A reading of Dr. Goss’s paper, abstracted 
on page 658, will convince anyone of the in- 
fluence the technical school has had upon pro- 
fessional ideals. If further evidence is 
wanted one need only point to the fact that 
the presidents of three of the great national 
societies are teachers, Dr. Goss of the Me- 
chanical Engineers, Professor Swain of the 
Civil Engineers, Professor Talbot of the 
Society for Testing Materials, while Professor 
Kemp held the presidency of the Institute of 
Mining Engineers last year. What clearer 
evidences of the triumph of the technical 
schools and their place in the profession? It 
is an inspiration for attaining the ideals that 
Dr. Goss has briefly sketched. 


Limiting the Height and Area of 
Buildings 


Probably no city in the country has appre- 
ciated more than New York the need for es- 
tablishing some limit for the height and area 
of buildings, and none has been more remiss 
in the face of conditions rapidly reaching the 
unbearable. Only those who have tried to 
hurry through the narrow streets of lower 
New York during the rush hours or have been 
obliged on a bright day to toil for seven or 
eight hours under electric light even alongside 
of a window can aporeciate the seriousness 
of conditions. An aggregation of narrow 
canyons has been created. As many as twenty 
years ago the warning was sounded, but not 
until last week did there appear any hope for 
sane action; real solution became impossible 
years ago, for much of the damage is irre- 
parable. That the subject is of widespread 
interest is apparent from the attention given 
to it, not only in New York, but elsewhere. 
An amendment has been offered to Chicago’s 
200-ft.-limit ordinance which would permit 
the erection of buildings over 200 ft. high, 
provided there is a setback of 5 ft. for every 
100 ft. of additional height. In Montreal a 
proposal has been made to limit the height 
to the width of street, while in Seattle a 20v- 
ft. limit has been proposed. 

The Board of Estimate and Apportionment 
of New York City appointed from its own 
membership some time ago a committee to 
consider the subject. That committee ap- 
pointed a Heights of Buildings Commission, 
composed of nineteen members—architects, 
building’ owners, real-estate operators, con- 
tractors, stucents of housing problems and one 
engineer—the latter being. Mr. Nelson P. 
Lewis, chief engineer of the Board of Esti- 
mate. The commission has now rendered a 
unanimous report, which is abstracted on 
page 659. 

There are two main features of the docu- 
ment—first, a set of rules recommended for 
immediate adoption looking to the limitations 
of heights and areas, and, second, a recom- 
mendation that the city’s charter be amended 
so that building districts may be created, in 
which special restrictions will be imposed in 
accordance with the character of the neigh- 
borhood. In reading the abstract referred to 
it must be constantly borne in mind that the 
suggested rules were framed chiefly with the 
financial district in mind. They are manifestly 
inadequate for the city as a whole and are 
recommended for universal application only 
until such time as the law will require suitable 
districting and more stringent local regula- 
tions. 

The height limit is set as twice the width 
of the street, but such limit shall in no case 
be less than roo ft. nor more than 300. After 
reaching this limit the buildings may be car- 
ried higher by setting the street walls back 
1 ft. for each 4 ft. of increased height. 

There are no area limitations for the first 
story; it may occupy the entire lot. Above 
the first story Io per cent of the rear of every 
interior lot must be left vacant. In addition 
there must be a further loss of area covered 
by the building equal to 1 per cent of the lou 
area for each story except the first, but the 
loss of area occasioned by setbacks of the 
front walls is included in this 1 per cent re- 
quired. The area requirements are supple- 
mented by prescribing minimum dimensions 
proportionate to height for main courts other 
than the Io per cent rear courts. The leas: 
dimension of such courts must be not less than 
6 ft. and not less than the number of feet 
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equal to one and one-quarter times the num- 
ber of stories above the first. These court 
requirements and the I per cent loss of area 
clause do not apply to lots of special shapes 
and sizes and for which adequate light and 
air can be secured from the street. 

As an exception to all the above-mentioned 
height and court regulations a tower may be 
erected to any height, provided it does not 
cover more than 25 per cent of the lot and 
provided every part of it is kept at least 20 
ft. from the lot and street lines. In build- 
ings facing parks or the waterfront the tower 
may be placed at the building line. 

From a reading of these details it would 
seem that the considerations of light and air 
were chiefly in the minds of the commission, 
but a study of the effects of the clauses will 
indicate that the question of congestion has 
been provided for. The commission estimates 
that for plots of normal size the setback and 
area regulations will limit the height when 
the building area has been reduced to about 
60 per cent of the area of the plot. For a 
building on an interior plot on a 60-ft. street 
the economic height limit will be from 14 to 
17 stories, while on a corner plot on a 100-ft. 
street the economic height limit will probably 
be 16 to 20 stories. As to towers, the com- 
mission feels that the restriction will prevent 
their interference with light and air and that 
they will not prove attractive investments. 
Their construction, therefore, will be dis- 
couraged except for purely advertising rea- 
sons, which undoubtedly have prompted the 
erection of some of the very tall buildings 
in New York and other cities. 

In order to estimate the relation of these 
restrictions to those adopted elsewhere in this 
country it may be noted that Boston has 
placed the maximum at two and a half times 
the street width, but not over 125 ft. Denver 
has placed it at 12 stories; Los Angeles at 
150 ft., Baltimore at 175 ft., Chicago, Cleve- 
land and Newark at 200 ft., while in Jersey 
City and New Orleans the limit is two and a 
half times the width of street. 

It is apparent, therefore, that the recom- 
mendations of the commission are a com- 
promise. Certainly a 120-ft. building on a 
60-ft. street or a 200-ft. building on a 100-ft. 
street does interfere very considerably with 
light and air. Moreover, a district built up 
under these regulations will be even more 
congested than is the lower section of Man- 
hattan to-day. Unquestionably the regulations 
would have been more drastic had it not been 
necessary to protect the property interests in 
the congested portion of the city. Very likely, 
too, more severe restrictions would have met 
a crushing opposition from owners and real- 
estate operators. A limiting first height 
equal to width of the street, or, at most, to 
one and a half times that width, with a maxi- 
mum limit of 150 ft., would have been much 
better from every consideration—light, air, 
congestion and fire protection. Nevertheless, 
it is apparent that the real-estate interests 
must have made what they regard as very 
large concessions in agreeing to the report. 

That the commission, as a whole, believes 
firmly in a much lower cornice line is evident 
from the part of the report recommending 
the districting of the city. The necessity 
for more stringent regulations is pointed out, 
while the segregation of industries is in- 
sisted upon. Anyone who has suffered heavy 
losses ina residence property because of the 
advent of a factory will sympathize with 
this part of the commission’s report. An 
amendment permitting districting should be 
adopted at the coming session of the State 
Legislature. 
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As to the specific recommendations, if 
Father Knickerbocker is wise he will adopt 
them post haste. While not thoroughly sat- 
isfactory to the advocates of the city beauti- 
ful or the real-estate owners, they represent 
a reasonable compromise, considering condi- 
tions now existing in lower New York. 

Naturally the thoroughness of the investi- 
gation will attract widespread attention 
throughout the country. In considering it 
with a view to applying its recommendations 
to other cities, the Engineering Record would 
again emphasize that it must be clearly under- 
stood that the suggested rules were framed 
with the needs of lower New York in mind. 
They are far too liberal for even the business 
district of any other American city. A first 
limit of 150 ft. might well be the maximum. 


Public Works—for Service or the 
Builder’s Profit ? 


The reasons for desiring the building of 
public works are of two kinds—first, a desire 
for the advantages that will grow out of the 
completed works, and, second, a desire for the 
advantages and profits of construction. 

By common consent, only reasons of the first 
kind are officially and publicly urged in sup- 
port of any given project, and it is well that 
this is so; but no one actively engaged in pub- 
lic work can be blind to the fact that reasons 
of the second kind are often—in fact much too 
often—more potent in securing actual results. 

Both kinds of reasons may be legitimete. 
The contractor expects a profit and has the 
full right to look for work that will yield it, 
and within reason to do what he can to adver- 
tise and promote the kind of works that he can 
build. The engineer and the architect, also, 
have a similar interest in-the commissions that 
may come to them; and all those who may be 
employed, either by a public authority or by en- 
gineers and architects, or by contractors, have 
their interest in seeing matters move forward. 
Those who have land to sell, those who furnish 
all of the thousand kinds of supplies used in 
construction, and even the bankers who make 
a commission by the sale of bonds—all. have 
an interest in seeing the expenditure of public 
moneys go forward. 

Financial rewards are by no means the only 
ones that need be considered. The experience, 
the honor, the prestige, and the political power 
that come from carrying out works, especially 
when they meet with popular approval, are 
often potent in securing the co-operation of 
those who would not be influenced by financial 
considerations. 

Up to a certain point all this is well and 
tends to progress and civilization. The danger 
lies in the chance that when the forces of con- 
struction that are necessary for progress are 
organized and developed they will come to 
have a dominating influence in the transaction 
of public business, and will secure the con- 
struction of public works that could not be 
justified from the standpoint of the results to 
be obtained from the finished works, and will 
do this for the sole, or principal, purpose of 
yielding the profits that grow out of construc- 
tion. When a government reaches this stage 
it ceases to be a government for the people 
and becomes a kind of piracy in which the 
taxpayers are plundered. 

There is need at this time as never before, 
in view of the slackness of private enterprise, 
of engineers and other citizens with breadth of 
view to rightly appraise the need for public 
works and with the honesty and courage to 
speak fearlessly concerning them. 
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Future of the Motorbus 


The operation of motorbuses in city streets 
has almost as many points of interest to the 
municipal engineers as to the operators of 
electric railways, Both the bus and the street 
railway have an influence on traffic conges- 
tion, population congestion and safety on the 
streets. In addition, the maintenance of pave- 
ments is a factor in bus operation. For these 
reasons some features of a report recently 
rendered to the Mayor of New York by the 
bureau of franchises deserve the attention of 
the municipal engineers. 

The bureau sent abroad in July of this year 
one of its engineers, Mr. John A. McCollum, 
in order to gather first-hand information on 
the subject. His findings are based on obser- 
vations in London and Paris, and are of 
moment in New York ‘at present because 
four franchises for bus operation are now 
pending. 

Probably the most important and imme- 
diately applicable finding is the very sensible 
one that franchises should not be granted un- 
less the new service will fill a place in the 
transportation field not already supplied, or, 
if it is to duplicate on existing service, it must 
be more complete, efficient, economical or com- 
fortable. It is very properly pointed out that 
efficient street-railway service cannot be fur- 
nished if the property is not prosperous. 

But even if it were accepted that compe- 
tition might be permissible, the case of the 
motorbus as a “more complete, efficient. 
economical, comfortable or otherwise better 
facility” would, judging by Mr. McCollum's 
findings, be difficult to prove. The bus, be- 
cause of its limited capacity, is unable to pro- 
vide rush-hour facilities as effectively as the 
street car of larger capacity—assuming that 
the weight and capacity of motor vehicles are 
rigidly limited, as in London. Any attempt 
to provide an equally good service will result 
in increasing the number of moving vehicles 
over what would be required with street cars, 
with consequent increase in traffic congestion. 
One of the most trying problems in all large 
American cities to-day is the increasing con- 
gestion of the streets. 

Additional objections to the motorbus are 
the greater vibration, with consequent discom- 
fort, and the decidedly adverse accident 
record. The latter point is strongly empha- 
sized in the report; and while accidents can 
undoubtedly be reduced, it is only at the price 
of speed restrictions and other traffic regula- 
tions which will work still more adversely to 
the motorbus as a traffic carrier. 

On the other hand, it must be admitted that 
there are arguments in favor of the motorbus, 
though hardly strong enough to overbalance 
the objections. It can easily adapt its move- 
ments to street traffic, and two buses can run 
abreast at times, thus clearing dense-traffic in- 
tersections much more rapidly than street- 
railway cars. The breakdown of one vehicle 
does not derange the entire system, while 
point-to-point speeds are somewhat higher. 

Taking the report as a whole, one would be 
inclined to believe that the outlook for the 
motorbus is not favorable. Certainly when 
franchises are granted it will be with restric- 
tions that will safeguard the form of trans- 
portation which has been shown to be more 
generally satisfactory—the street-railway car. 
The report definitely states, nevertheless, that 
there are routes in New York upon which the 
motorbus can supply a needed service in local 
areas. With proper restrictions the public can 
benefit by the satisfactory features, while, at 
the same time, the disadvantages are reduced 
to a minimum. 
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Progress on Pennsylvania’s State Highways 


Work Accomplished by Department Organized under Sproul Act of 
1911 and Notes on Organization, Construction and Maintenance 


HE recent defeat by the voters of 
Pennsylvania of a constitutional 
amendment authorizing a $50,000,000 
bond issue for highway, improvements 

justifies a statement of the progress made on 
the road ‘system of that State, together with 
an account of some of the methods in use by 
the highway department. 

Prior to, June 1, 1911, the, date. on,which 
the Sproul Act became operative, funds for 
highway improvement by State aid were ap- 
propriated by the Pennsylvania Legislature 
from time to time from general funds. The 
Sproul Act, under which improvements have 
since been made, provided for the establish- 
ment of a State highway department, to be 
administered by a commissioner, two deputy 
commissioners, a chief engineer, an auditor, 
a chief draftsman, fifteen assistant engineers, 
superintendents of highways and a staff of as- 
sistants and employees. The act designated 
296 routes, to be known as State highways, 
connecting county seats and principal towns 
and cities and included a State-aid provision 
whereby townships and counties might peti- 
tion the State for road improvement, one- 
half the cost of which was to be borne by 
the State. By an act approved July 22, 1913, 
seventy-eight more State routes were added. 


were a good,deal wider than 16 ft.; this ac- 
counts for the unusual cost per mile. The fig- 
ures for the water-bound macadam ‘include 
some maintenance contracts, all in cases where 
the foundations were partially rebuilt. Table 
2 gives corresponding data .for, State-aid 
highways during the same period. 

A study of the two tables shows that of the 
total amount of work done by the construction 
department the class calling for the greatest 
expense has been asphaltic macadam by pene- 
tration. 

On both State highways and State-aid roads 
$1,536,943.21 has been expended to build 95.21 
miles of this type. Of asphaltic-concrete roads 
50.07 miles have been built at an expense of 
$1,090,466.18; 102.3 miles of water-bound ma- 
cadam have cost $864,424.32; 29.3 miles of 
brick, $711,181.74; and 3.16 miles of concrete, 
$58,122.62, Water-bound macadam is grad- 
ually being eliminated. 

A telford foundation is used for all water- 
bound macadam roads, employing stones to a 
depth of 8 in., laid by hand with the broad- 
est edges down and lengthwise across the axis 
of the road in the form of a rubble pavement. 
These stones are thoroughly bound into place 
and then wedged with smaller stones. Where 
concrete foundation is used it is at least 5 in. 


TABLE 1—StTatE Highways CoMPLETED oR UNDER Contract Oct. 30, 1913 


(Work begun June 1, 1911) 


-Water-bound 


macadam Brick 
Length: imomiiles!* 0.5%... 6:. 86.23 . 8.94 
“T6tall PCoOSti emusic iia istemtaetens $717,404.95 $232,477.12 
Gost sper mrniles cic stremereets 8,319.60 26,004.15 


Asphaltic 


macadam by Asphaltic 
penetration concrete Concrete 
48.79 41.17 271 
$759,820 86 $885,698.42 $50,718.62 
15,573.08 21,513.20 18,715.30 


The present total mileage contemplated is 
‘about 9,100. The bill further provided that 
the expenses of the department, when prop- 
erly certified by the commissioner and audited 
and allowed by the auditor-general, should be 
paid out of the funds specifically appropriated 
for this purpose. 


CoNSTRUCTION 


Since the Sproul Act came into operation, 
280 miles of surfaced highway have been laid 
by the construction department at a total cost 
of $4,261,138.07. Of this amount $2,646,119.97 
was expended in the building of 187.84 miles 
of State highways. In addition, there had been 
contracted for or completed under the law 
in force prior to the formation of the present 
department 118.01 miles of State-aid high- 
ways, at a cost of $1,656, 118.66; 22.7 miles of 
the National Road, at a cost of $153,027.54; 
and 0.25 mile of experimental concrete high- 
way at a cost of $4,872.57. The classes of 
roads laid prior to Oct. 30, with their respec- 
tive mileage and the cost per mile, are given 
in Table 1. 

The present practice is to build all roads 
16 ft. wide; but this does not apply to all the 
roads in Table 1. Some of the brick sections 


thick, For the ordinary surfacing the stone 
required is between the sizes 11%4 in, and 3 
in. rolled to a thickness of at least 4 in. 

An asphaltic concrete pavement is laid upon 
a telford or concrete foundation. The asphal- 
tic concrete mixture is composed of from 53 
to 62 per cent of crushed stone, from 30 to 
37 per cent of sand and from 8 to Io per cent 
of asphaltic cement. The stone used is run-of- 
crusher passing a 1%4-in. ring and contain- 
ing not more than 5 per cent of dust. The as- 
phaltic cement is heated to from 275 to 375 
deg. Fahr., and is spread at a temperature of 
not less than 225 deg. with hot iron rakes. 
Ten-ton rollers are used for all rolling. 

As soon as possible after rolling, while the 
surface is still fresh and clean—if possible, 
while warm—a seal coat of bituminous cement 
of proper consistency to be flexible when cold 
is spread over the surface at a temperature of 
from 200 to 350 deg. Fahr. 

When brick pavement is used the brick is 
subjected to the rattler test as recommended 
by the National Paving Brick Manufacturers’ 
Association, as well as to absorption and 
crushing-strength tests. Expansion joints 
34-in. wide are required along each curb. 

Maintenance under the present form of 


Taste 2—Sratr-Aip Highways CoMpLeTeD oR UNpver Contract Oct. 30, 1913 


(New State-Aid Fund) 


Water-bound 
macadam on 


telford Brick 
ength in miles.......-.. 16.07 20.36 
Tt tall waROOSt pb srores ale welonele ariel $147,019.37 $478,704.62 
Gost. pen. smile). 22 scien 9,150.00 23,020.85 


Asphaltic 
macadam by Asphaltic 
penetration concrete Concrete 
: 46.42 8.90 45 
$777,122.35 $204,767.76 $7,404.00 
16,741.00 23,007.61 16,453.33 


supervision is performed entirely within the 
department. This system dates only from 
April 1 of this year and detailed data on the 
work will not be available until the January 
departmental report is issued. It may be said, 
however, that about $2,000,000 has been spent 
in organizing the department, purchasing ma- 
chinery and actual maintenance. 

All maintenance work is under the super- 
vision of a maintenance engineer, to whom 50 
superintendents report. Each maintenance 
district is divided into sections of approxi- 
mately 50 miles, each with a general foreman 
in charge. 

A large working plant has been assembled— 
40 10-ton rollers, 20 crushers, 122 wagons, 62 
road machines, 1500 road drags, 23 scarifiers, 
44 sprinklers, 11 motor trucks, and 2 motor oil 
distributors. The success which the depart- 
ment feels it has met makes probable the rapid 
expansion of this plant. 


Growth oF Moror-TRAFFIC RECEIPTS 


A large part of the funds devoted to main- 
tenance work is derived from the registration 
of motor vehicles, special registration of deal- 
ers, and from licenses for drivers. The 
amount thus derived is placed in a separate 
fund to be used for no other purpose. In 1912 
the State treasury collected $1,700,000 from 
‘these fees. Owing to a delay caused by a rul- 
ing of the auditor-general, who contends that 
the wording of the act of May 23, 1913, does 
not constitute a specific appropriation, the 
money at present in the State treasury from 
this source has been tied up and the question 
of its use is now in the hands of the court. 
In March, 1913, the $1,800,000 then on hand 
was specifically appropriated to the highway 
department. : 

The fees are levied as follows: Motorcycle, 
$3; motor vehicles with pneumatic tires, up to 
20 hp, $5; up to 35 hp, $10; 50 hp, $15; over 
50 hp, $20; motor vehicles with solid tires, up 
to 4000 lb. gross load, $5; up to 5000 lb., $10; 
up to 10,000 lb., $15; 15,000 lb., $20; and be- 
tween 15,000 and 24,000 Ib., $25. Vehicles 
trailing after motor vehicles are taxed at the 
rate of $3 for each weighing less than 10,000 
Ib. and $5 for each of less than 24,000 Ib. 


Taste 3—GrowtH or Moror Receipts, JAN. 1, 1910, To 
June 1, 1913 


+ a 2 
3 3 Z 2 < 
so] ae) oS ce] 
© oO oO oO 
oI w wo = n 
Zo a LS 2 e 
Die n oO on _ 
iE io “En ‘DE ) 5 
v v ovo ovo vu vo 
ra a 4 [a4 4 o4 
1910.. 33,346 2,908 3,834 16,271 $321,985.12 
1911... 43,282 4,034 4,826 © 17,051 429,523.50 
1912.. 58,221 33555 7,298 21,235 $97,723.19 
1913.. 64,405 2,975 7,861 23,716 682,689.37 


Total receipts, Jan. 1, 1910, to June 1, 1913.$2,031,921.18 


Traction engines are taxed $10 up to 20,000 Ib. 
and $20 between 20,000 and 26,000 Ib. 

The great increase in the number of motor- 
driven vehicles is shown by Table 3. The fig- 
ures for 1913 extend to June 1 only. 


EXPERIMENTAL SURFACES 


About two miles of the old Baltimore road 
in the southern part of the State was re- 
surfaced in April, 1913. The work included 
scarifying the water-bound macadam surface 


_and applying two 1%-in. layers of bitumin- 


ous surfacing. The old road surface was 
brought to shape for 12 cents per square yard 
and the new bituminous surface was applied 
at about 55 cents per square yard, making the 
total cost of improving this road 67 cents per 
square yard. This work was in the nature of 
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an experiment and will be watched carefully 
by the maintenance department during the 
next few years. 

Further experimenting was carried on in 
Erie County, where two 34-mile stretches of 
water-bound macadam roads were re-surfaced. 
In each case 4 in. of 2-in. stone were used 
under a coat of Class B asphalt, spread in the 
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proportion of 2% gal. per square yard. On 
one stretch the penetration method was used; 
on the other the materials were hand-mixed. 
The penetration-mixed surface cost 76 cents 
per square yard to apply; the hand-mixed sur- 
face cost $1.08. As the roads were only laid 
in June of this year, it will be some time be- 
fore comparison of the two methods may be 
made safely. 

A system whereby each individual of the 
department reports his activities at frequent 
intervals is in operation. Each laborer has 
a time card; each day the foreman in charge 


must fill out a blank reporting the activities’ 


of each laborer and the time spent by him: 
From these reports the superintendent is’ re- 
quired to compile a weekly report giving in 
detail the work accomplished and setting forth 
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Concrete Road in Cook County, 
Illinois 


An experimental concrete road 4240 ft. long 
was laid last October on the Church Street 
Road west of the city limits of Evanston, IIl., 
in Cook County. Connection with Ridge Road 
is made at a point 2% miles west of Evanston, 
providing an outlet for automobile traffic to 
the northwest and tapping a rich truck garden 
area, The road was financed jointly by the 


I’vanston Commercial Club, Cook County and 
Niles Township. 

With the exception of a slight incline for a 
few hundred feet at the Ridge Road end the 
profile is level, the roadway having been 
graded years ago, 4 to 6 ft. above the marshy 


A Sawing and Dragging Motion Is Used in Striking Off Pavement with Template 


the work contemplated for the ensuing week. 
another feature of this report is a weekly 
traffic census, which is designed to indicate 
the most suitable type of road. At intervals 
of a month each superintendent and general 
foreman must submit a record of the ma- 
chinery and tools on hand at the end of that 
time. All these records are carefully cross- 
checked in the maintenance engineer’s office 
and are presented to the auditor for filing. 

When a maintenance section is completed a 
detailed cost statement is prepared in the 
office. The blank form used in making out 
this cost system is shown in the first column, 
together with a similar form used for motor 
trucks, 

A comprehensive instruction booklet is is- 
sued to superintendents and foremen in both 
the maintenance and construction depart- 
ments. The text refers to important points of 
roadmaking, such as grading, placing founda- 
tions and surface, and drainage, and in addi- 
tion gives full instructions as to how to fill 
out the numerous reports. 

The officers now serving in the State high- 
way department are: Edward M. Bigelow, 
State highway commissioner; Joseph W. 
Hunter, first deputy commissioner; E, A. 


Jones, second deputy commissioner; Samuel 


D. Foster, chief engineer; William R. Main, 
auditor; Willis Whited, bridge engineer; P. 
M. Tebbs, assistant engineer; George H. 
Biles, maintenance engineer, and Leon F. 
Neefe, chief clerk. W. R. D. Hall is statisti- 
cian- 


surface, having well defined ditches on each 
side. The soil is typical sticky black Illinois 
gumbo, but, with the exception of Iroo ft., the 


~concrete was placed on an old macadam road. 


Single course slabs, 25 ft. between expansion 
joints, 16 ft. wide, 6 in. thick at the edges and 
8 in. thick at the center were placed on a flat 
subgrade compacted by a 1o-ton roller, Little 
grading was done until just prior to the laying 
of the concrete, this part of the work being 
carefully inspected to see that the full depth 
of concrete was obtained. Practically speak- 
ing, the concrete was placed on the old road- 
bed, which consisted largely of 3 to 6 in. of 
crushed stone and blast furnace slag on 18 to 
24 in. of loose soil underlaid with a thin 
stratum of sand and gravel. 

Mention should be made of the troo-ft. 
stretch of poor subgrade which consisted of a 
black soil only in which the wheels of the 
mixer sank to the hubs whenever the machine 
ran off the planks. It is believed reinforcing 
bars should have been used to prevent crack- 
ing due to settlement across this section of low 
land, although the deep side ditches will mini- 
nize frost and drainage difficulties. 

Aggregate consisted of washed bank gravel 
and sand, which tests showed to be first class 
material. It was obtained by the contractors, 
M. Foley & Company, from the Richardson 
Sand Company pits near Carpenterville, Ill. 
A 1:2:3 concrete, using Universal Portland 
cement, was mixed in one-bag batches in an 
Austin cube mixer. Quantities were checked 
with a cubic foot box at least one each day in 
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the presence of the workmen so as to guide 
them in loading the wheelbarrows. Baker 
protection plates, separated by Barrett felt, 4 
in. thick and 8 in. wide, were held up with the 
Baker installing device. The felt had to be 
trimmed to conform to the finished crown. 
Water was obtained from wells dug along the 
roadside and pumped to the mixer by a Fair- 
banks-Morse gas-engine outfit. 


STRIKING OFF SURFACE 


Two men struck off the pavement with a 
template made of a 2 x 8-in. plank bound with 
a steel angle. Grasping the cross-bar handle 
at each end they gave it a simultaneous saw- 
ing and dragging motion. This produced an 
almost finished surface. Little was left to be 
done by the finisher who followed with a 
wooden hand float, working from a bridge. 

Most of the finished pavement was covered 
with earth or sand and sprinkled at least once 
a day. More frequent sprinkling was consid- 
ered unnecessary on account of rains during 
the night and the low temperature. Usually 
concrete laid the previous day was hard the 
next morning, indicating no delay in setting. 
On account of lowered temperature and rainy 
weather concrete deposited after Oct. 22 was 
not covered with earth or sprinkled. 

Earth from the side ditches, which were put 
into good condition, was used in conjunction 
with gravel hauled from a-distance for the 
4-ft. earth berms. This material was soft and 
will require much compacting, particularly as 
the edges of the concrete were not pared off 
but left vertical as placed against the 2 x 6-in. 
side forms. 

Work was initiated Oct. 1 and the concrete 
slabs were completed on Oct. 24. Rates of 
progress varied from go to 575 lin. ft. per day, 
averaging about 230 ft. The average crew 
was one finisher, one engineer, one fireman, 
three spreaders, three graders, one charging 
skip, one supplying cement, six wheeling sand, 
one mixing, two setting up joints, two form 
setters, one superintendent and one foreman, 
part time only. 


Rolling Dams in the Neckar River near Poppenweiler, Germany 


Design of Rolling Dams 


General Features and Important Details; Methods of Calculation 


and Data on Structures 


Built 


and under Construction 


By A. G. HILLBERG, C.E, 
Editorial Staff of the Engineering Record 


ONSTRUCTION of a rolling dam on 
the Boise irrigation project, as de- 
scribed in the Engineering Record of 
Aug. 2, 1913, page 125, and adoption 

of rollers for the Long Lake development of 
the Washington Water Power Company and 
for the Grand River dam of the U. S. Reclama- 
tion Service bring this type of structure into 
new prominence. While the rolling dam is 
not entirely new, the first having been built in 
1902, only little has been published on the 
subject in English, save the paper read by 
Prof. K. E. Hilgard, of Zurich, Switzerland, 
before the International Engineering Congress 
in St. Louis in 1904. For that reason an ef- 
fort has been made to treat the matter com- 
prehensively in this article. Such treatment is 
needed because an entirely new type, with an 
enlarged sheath or skin plate, has been devel- 
oped since Professor Hilgard’s paper was pre- 
sented. 


GENERAL FEATURES AND ADVANTAGES 


The main feature of a rolling dam is a 
watertight steel cylinder, which rolls on in- 
clined rails supported in lateral recesses in 
masonry piers or abutments. In its lowered 
position it serves as a dam and when opened is 
suspended out of reach of floating matter. It 
is manipulated by a chain or wire rope wound 


Section A-A 


Elevations of Abutments 


around one end. The uniform advance of 
both ends in raising or lowering is insured by 
gearing, each end carrying a toothed rim en- 
gaging a rack fixed on the masonry. 

Rolling dams have many advantages, of 
which the following are the most important: 
Possibility of building discharge openings of 
large spans and depths; absence of obstruc- 
tion to débris and ice when the dam is open; 
rapidity in operation; low operating resistance ; 
great durability and stability; small leakage; 
certainty in operation, and low attendance 
and maintenance costs. 

At first the rollers were plain cylinders, 
which necessitated their filling with water, or 
otherwise counterweighting, to prevent them 
from floating. -In later designs the cylinder 
has a comparatively small diameter. On its 
upstream side there is a waterproofing sheath 
or skin made of steel or wood, shaped so as 
to prevent any resulting uplift on the roller. 


OPERATION 


The operating machinery is placed at one 
end of the cylinder, either directly on the 
masonry or on steel bents. It consists mainly 
of a self-locking winch, actuated by an elec- 
tric motor, with a hand crab for emergency 
use. 

When the cylinder is of comparatively small 
diameter and has an attached sheath its 
ends are provided with wheels centered 
on the same axis as the cylinder and riv- 
eted to them. These wheels are fitted 
with toothed rims engaging the rack on 
the masonry. The teeth should be so 
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Details of Rolling-Dam Installation at Neugattersleben on the Bode River in Germany 
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Egg-Shaped Roller for Rapidity 


designed that any foreign matter getting into 
them will drop through or can easily be re- 
moved. They are, therefore, of a different 
design than machinery gears, as will be seen 
from the illustration. 

Either wire ropes or sprocket chains are 
used at both ends of the roller.. The chain or 
rope at one end is connected with the operat- 
ing machinery and serves to manipulate the 
roller. The chain at the other end, however, 
is a safety precaution only. The upper end is 
anchored to the masonry and the lower is 
bolted to the roller in such a way that when 
the roller is raised the chain is wound around 
it. Should an accident befall the racks or de- 
form the roller, or foreign matter fill the teeth 
so that the toothed rim does not engage the 
rack, the roller will be suspended on the chain 
and will operate as if everything were normal. 

To care for the slack which has already 
passed the sprocket of the driving mechanism 
the chain is fitted at intervals with projecting 
pins, as shown in the illustration. 


Details of Rolling Dam at Schweinfurt 
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For a very deep opening it will sometimes 
be advantageous to place two rollers, one on 
top of the other, as illustrated in one of the 
drawings. 

When it is desired to skim the pond without 
raising the roller its full height, as, for in- 
stance, at an ice sluice, the roller can be de- 
signed so that it can be depressed a certain 
amount. One of the figures shows such an in- 
stallation, where the roller is of an egg-shaped 
cross-section so as to give a larger depression 
for a small movement than if it had been 
cylindrical. 


Meruops or SecurING TicHt SEALS 


To insure a nearly perfect seal along the 
bottom is not difficult. It is accomplished by 
bolting to the roller a strip of wood, which 
bears on the masonry dam below. As nearly 
the entire weight of the roller in the closed 
position comes on this strip, a good tightening 
pressure is insured. No débris or detritus 
can collect between the sill and the tighten- 
ing strip and so prevent an absolute seal, be- 
cause the lower the roller sinks the more vio- 
lent is the rush of water underneath, until, at 
the moment of closing, the water is rushing 
through under full-pressure head. To insure 
a properly aligned surface on top of the per- 
manent dam it can be provided with a cast- 
iron bull beam, machine finished on_ top. 
Should the rolling dam consist of a plain 
cylinder, it will be found advantageous to 
place the wooden tightening strip on the sill 
instead of on the roller. This, on the other 
hand, is inconvenient in case of repairs, while 
a tightening strip on the roller is always ac- 
cessible when the dam is open. 

Several methods are used for securing a 
seal at the sides. One of the first schemes 
was to build the recesses of such shape that 
the seal was made on the surface of the cyl- 
inder, which was then provided with elastic 
strips, as shown in the illustration. But as it 
is very difficult to build the roller and align it 
so that it will at the same time take bearing 
along the sill and in the recesses, this method 
has been abandoned in favor of schemes per- 
mitting the roller to take bearing along the 


Rolling Dam with Wooden Sheath at Neugattersleben 


sill and to seal the sides even if the wooden 
strips on sill and sides gradually wear off. 
One way to secure a seal on the sides is to 
provide the roller with large shields normal to 
its axis. These shields are made of thin steel 
plates elastic enough to permit the water pres- 
sure to deflect them. Around their edges are 
wooden strips, which press against finished 
surfaces on the masonry piers. This type 
gives such good results that manufacturers 
guarantee the leakage to be from 0.005 to 0.01 
sec.-ft. or less per linear foot of seal. 

At both ends of the roller are roomy re- 
cesses in the sides of the masonry piers. The 
shape of these recesses depends on the shape 
of the sheath of the roller, since the sheath 
when the roller is being opened should not en- 
croach upon silt, débris or ice on its upstream 
side. These recesses contain the racks, ropes 
or chains and safety appurtenances necessary 
for the operation of the roller. Furthermore, 
to make the roller easily accessible stairways 
are located along the inside of the racks. 
The shape of the inclines is often irregular, 
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Pressures on Plain Cylinder 


and more so if the roller is a plain cylinder, 
with the side tightening strips fastened to the 
cylinder. All parts susceptible to injury are 
within these recesses and therefore accessible. 

During heavy winters the seepage around 
the sides of the roller freezes and might cause 
trouble if precautions are not taken, It has 
been found, however, that even ina climate as 
severe as that of Sweden ice can be preyented 
from adhering to the metal surfaces of the 
roller, and binding it, by placing a coal 
stove in the part of the roller which projects 
into the recess. As the tightening strips are 
of wood they are not subject to serious ad- 
hesion, ‘The faet that ice troubles can be so 
easily avoided makes the rolling dam adapt- 
able to cold climates, where other movable 
dams must be thawed out. 

In figuring a rolling dam one of the fun- 
damentals is that in the closed position the 
resultant force does not tend to roll it up the 
incline. ‘The second dam at Schweinfurt (see 
table) has, therefore, a curved incline, the 
upper part of which has a slope of 1+ on 1 
and the lower part a slope of 4 on 1, These 
slopes are connected by a curve of to-ft. 
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Dam with Double Rollers 
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Pressures on Rolling Dam Provided with Sheath 


vadius, In the figure marked “Pressures on 
Plain Cylinder” the action of the forces and 
their resultant are shown. JV is the weight of 
the roller; P, the resultant water pressure; S, 
the resultant of W/2 and P/2; L, the strain 
on the chain, and Fk, the reaction due to W/2, 
P/2 and L. This reaction is resolved into 
two components—T and N—tangent and nor- 
mal to the incline. 

The forces due to water pressure on a 
roller have been much discussed by engineers. 
Many still adhere to the so-called “normal 
theory,” but in a paper published in the 
“Oesterreichische Wochenschrift fir den 
Oeffentlichen Baudienst,” and later printed in 
the Engineering Record of March 8, 1913, 
page 279, Prof. E. Jacoby, of Riga, Russia, 
proves that this theory is wrong and recom- 
mends the application of two forces. One of 
these is equal to the horizontal water pressure 
on a perfectly plane vertical wall of the same 
depth as the submerged part of the roller, and 
the other a vertical force equal to the dis- 
placement. These forces combined with the 
dead iead of the roller give a resultant force, 
which must be dividedl between the supports 


of the roller. As the roller when the chain 
is without stress is supported along its bot- 
tom contact and at the side contacts on the 
incline, it is easy to determine the amount of 
these reactions Q, and Q,, of which Q, will 
be equally distributed along the sill and Q, 
equally between the ends of the roller (see 
drawing entitled “Pressures on Rolling Dam 
Provided with Sheath”). 

As soon as tension is put on the chain— 
i.e., when the roller, is being opened—the load 
on the sill is relieved and the force due to 
dead load. and water pressure will be divided 
into one component along the direction of the 
chain and another through the points of con- 
tact of the roller and the inclines. The com- 
ponents, normal and parallel to the inclines, 
can now be determined. It is to be noted that 
the fension in the chain is a force applied to 
one end of the roller only, thus making the 
component forces larger at that end. The dif- 
ference is clearly shown in the force polygon. 
In the diagram Py is horizontal, P,, upward. 
and Py, downward water pressures; W, dead 
load of the roller; S, resultant of the forces 
P and W; Q, and Q,, reactions due to S; L, 
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Details of Operating Chain 


stress in chain; 7; and Nj, tangential and 
normal forces acting at the chain end of the 
roller, end Tp, and Np» acting at the other end. 

“It will be noted that in both of the diagrams 
referred to, the resultant S must fall below 
the point of contact of the toothed rim and 
the incline, So as to’ produce a moment forcing 
the-dam downward. If S falls above the’ point 
of contact, the moment would cause the dam 
to rise. 

_The analysis of” these forces can, of course, 
bé made analytically, but the graphical method 
is better because of its simplicity. 

All external forces being known, the roller 
can now be dimensioned and the materials pro- 
portioned. Of course, so far the dead load has 
only been guessed at and it. might be found 
necessary to adjust the calculations after this 
load is definitely known. 

- In the accompanying table are given the 
weights of some of the rolling dams now in 
operation. Figuring out the weight in tons 
per square foot of the projected “wet area” 
of the rollers (clear width multiplied by the 
height) it is apparent that this unit weight in- 
creases with the area, so that for small rollers 
it is from 0.035 to 0.045 ton per square foot 
and for larger from 0.065 to 0.075. In the 
accompanying curve the total weights of the 
rollers have been plotted against the projected 
“wet area” in square feet, so that a designing 
engineer will be able to get a fairly close value 
of the dead load as soon as he has determined 
the “wet area” of the roller. It will be noted 
that three points on the diagram have not been 
used in plotting the curve. These points rep- 
resent the three first roller dams—the Schwein- 
furt dam of 1902 and 1903 and the Berlin dam 
of 1904. These are heavy, having no sheath. 

In dimensioning the roller two ‘different 

cases of loading must be investigated—one 
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without any strain on the chain with the 
roller resting on the sill and one with strain on 
the chain and no bearing on the sill. In the 
first case there are two separate conditions— 
with and without water pressure. The second 
also has two conditions, one with water pres- 
sure and one when the roller is lifted entirely 
out of the water. 

The maximum torsional moment on -the 
roller exists at the beginning of the lift and 
is expressed by Mo |= Er, where M, is the 
moment around the cylinder axis and r the 


arched the roller to such 


lifted from the sill at the center, 


leak at that point. 
against the dead load of tl 


an extent that it was 
causing a 


As the arching stresses act 


ne roller, which tends 


to deflect it downward, the resulting curve of 
the under side of the roller was calculated and 


the sill, originally 
same curvature. When 
perature stresses the roll 


a straight line, 


given the 
there are no tem- 
er is deflected at its 


ends due to its dead load, thus affording a com- 


plete seal. 
The development of tl 


1ese dams is largely 


_tadius of the drum at the end of the roller to be credited to the Maschinenfabrik Augs- 
(here assumed equal to the radius of the pitch burg-Niirnbergsof Germany. Herrn M. Car- 
Rolling-Dam Installations 
E UnitEep STATES 
. E Clear Width, _ Height, Weight, 
Locality Spoke River No ft.andin. ft. and in. tons Purpose Built 
. J Spokane... . . tyme. 2 100— A Sore | a a Power 1910 
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Colorados See 6 8s Grand River. oe) ; a4 he foo Irrigation Constr, 
Mexico 
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CHILE 
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SECOSUDELG ats pew reels Jaw OL RP Se cise cs 1 49—3 G10 en Piadkee 
Melle iti scsskeioe Paes 1 49—3 Be oat A 1909 
Li Gr eee aes 1 39—4 5—7 eee 
Tibingen. 2 86—11 7—1 ree 
Kibling.... afc 1 44—7 27—10 1910 
OBSeel sah izes dance 2 79—9 15—9 1910 
Augsburg 1 65—7 7—10 1911 
Isiginahes tA eee ees 1 59—1 10—10 nN 
Wirtheim 1 49—3 5—11 
Frondenberg 2 82—0 (TES ta 
IRIANGere nos ea 1 85—4 See ACRE Le iviieiers ve wa Mekgelees 
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FINLAND 
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‘ HUNGARY 
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ITALY 
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OSUMOi ayer spe pecs OS Potenza. ny scmana 1 32—10 De Bh Paha 85, Power 1913 
Norway 
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* SWEDEN 
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At the driven end the 
JEG 


liné for_the gear). 
moment actuating the roller is M, 
+ sin) 7; « is shown in the diagram, 
Temperature stresses must also be taken 
care of. As one side of the roller is generally 
submerged and thus kept cool, while the other 


side is subject to the effects of the sun’s rays, 


stresses tending to bend the roller will result. 
At Schweinfurt, where one roller is 114 ft. 
1o in. long and 6 ft. 7 in. in diameter (de- 
scribed in the Engineering Record of March 
26, 1904, page 390), it was noted on warm 
summer days that the temperature stresses 


stanjen, 


director of the bridge department of 


that firm, designed the first rolling dam, that 
at Schweinfurt, in 1902, and the company has 


since made a specialty of 


building such dams. 


The available literature on the subject con- 
sists mostly of reprints of papers delivered 
before engineering congresses and advertising 
matter from the German firm. These papers 
contain descriptions*of interesting roller dam 
installations, but not until Professor Hilgard 
wrote his book on “Bewegliche Wehre” in 
IgI2 was there any text-book information 
on the subject. 
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: : : nical school. Year by year the technical 

Efficiency in Technical Education school has increased the emphasis given to 

processes which are mathematical. The prog- 

Importance of the Engineering School in the Development of Profes- ress of the next decade jit lees sememe ante 

sional Ideals and Suggestions as to Ways to Make It More Potent thoroughness with which high standards in 

such work are accepted and advanced. The 

6 HE modern need in the field of conceived tread-mill processes in the class- intensive work of the course must be based 
engineering is for men who can room? If so, the remedy is to be found in ypon fundamental theory, and the fields to 

perform the exceptional task; for reforming the work of the class-room, and which such theory is applied must be broad- 

men who are safe keepers of their one sure road to such a reform is that which ened. The engineering graduate is no longer 

brothers’ interests; for men whose qual- opens the way whereby men of large caliber required to be prepared to operate machines, 


ities of character are so sound and strong 
that they instinctively perceive the way of 
truth and follow it; for men whose activity 
and understanding detect the defects in estab- 
lished practice and find a way to improve that 
practice; for men who so well understand the 
fundamental principles of science as to be able 
to predict the effect of the next step before it 
has been taken; for men, in fine, who can rank 
with the world’s great leaders in science and 
industry.” So spoke Dr. W. F. M. Goss, dean 
of the College of Engineering of the Univer- 
sity of Illinois, in his presidential address 
delivered at the annual meeting of the Amer- 
ican Society of Mechanical Engineers last 
week. He believes it is the purpose of the 
technical school to contribute toward the de- 
velopment of such men. In his address, from 
which these notes are taken, he discusses the 
technical school, and.suggests ways of in- 
creasing its efficiency. 


NEED FOR GREAT TEACHERS 


The achievements of the technical school 
center in the quality and strength of its in- 
structional staff. The present-day need is for 
increased strength of staff. Great leaders in 
the work of the technical school are few, and 
the unfortunate fact is that throughout the 
years that are past, few men have been in 
training where the service now demands many 
There are many reasons for this. An impor- 
tant one is to be found in the limitations which 
have been put upon the salary budget. The 
man who builds great bridges or who directs 
the activities of a great industry is none too 
gifted to guide the efforts of ambitious youth, 
and hold before the student large ideals of 
life. And yet, in the industries a man may 
receive in a month an amount equivalent to 
the annual salary of many college professors. 
It is clear to all who know the field that while 
the school must suffer for some years to come 
through its deficiencies in the past, a new 
policy should be entered upon as speedily as 
possible. It should be expressed in such terms 
as will convince the exceptional man, looking 
for a career, that it will be worth his while to 
prepare himself by study, by professional prac- 
tice, by travel, by activities as a scientific in- 
vestigator, by every process which can de- 
velop and broaden, for a life-work as a mem- 
ber of a college faculty. 

Not only is it required in the interest of 
higher efficiency that the American technical 
school have an instructional staff of the high- 
est possible quality, but it is also required that 
such a staff be not overburdened with routine 
duties. The American youth is greatly influ- 
enced by the personality of his instructor. 
While the exceptional student will view his 
problems broadly, will add his own personality 
to that which the professor gives, and thus 
work out large and vigorous conceptions, the 
normal student is as a disciple following a 
master! He admires the master’s skill, he 
thinks in terms of the master’s thoughts, and 
is very likely to be influenced by the master’s 
limitations. If the engineering graduate 
sometimes degenerates into an animated slide 
rule, may it not be possible that he has been 
instinctively led to such a career through ill- 


may have time in which to impress themselves 
upon their students. The technical school is 
greatly in need of simple living and high 
thinking. The simple living is easily attained 
unto, but high thinking, in its essence, 1n- 
volves a certain element of leisure, or per- 
haps freedom in the choice of one’s occupa- 
tion, which, after all, is but another term for 
leisure, and no atmosphere surcharged with 
high thinking can prevail on a campus where 
every individual student and professor is per- 
petually keyed up to concert pitch in an en- 
deavor to accomplish an assigned task. This 
is a matter in which our English and Ger- 
man neighbors can, by the trend of their 
procedure, disclose much which will be serv- 
iceable to the American technical school. 


IMPORTANCE OF SUPERIOR LEADERSHIP 


The importance of superior leadership in 
the school is emphasized by the fact that the 
attitude of the American student reflects 
rather faithfully the changing spirit of the 
times. The danger appears in a disposition 
on the part of students to segregate their 
activities, to regard their study as work and 
their athletics as play. The habit of placing 
the emphasis continually on the joy of the 
play prevents him from feeling the joy of the 
more intellectual pursuits and it encourages 
half-hearted study. It is here that masterful 
leadership in the classroom will assert itself. 
The joy of scholastic achievement is best made 
plain by the introduction and maintenance of 
inspiring views depicting the meaning of a 
life of service coupled with the conception 


that student days are part of such a life; that 


student days are not merely a preparation for 
life, but that they are life. 

Masterful leadership eliminates entirely the 
feeling once entertained by the students that 
the instructor is a taskmaster, and that te be 
obedient to him, the student must perform the 
task. The great teacher, freed from the 
burden of excessive routine, may easily recog- 
nize differences in ability and will encour- 
age the student who must plod and inspire to 
unusual performance the brilliant student 
who knows no limit to his achievement save 
his physical strength. 


VALUE OF EXTENSIVE READING 


Assuming the technical school to be in pos- 
session of an ideal instructional staff, the way 
will open for progress through many chan- 
nels of secondary importance. It is altogether 
possible that in our present-day routine too 
much time is given to things which are sim- 
ple. Much that is now studied may perhaps 
be read. The habit of studying intensely a 
few books to the entire exclusion of the great 
mass of historical and biographical engineer- 
ing literature affords the student but little 
opportunity of acquiring a habit of rapid and 
intelligent reading, which in itself is an ac- 
complishment worth striving for. The prac- 
tice of the shop laboratory, the drawing-room, 
the surveying field and the study of descrip- 
tive texts, rightly interpreted, are important 
adjuncts in the training of the engineer, but 
the time has ceased to be when such activities 
constitute the chief characteristics of the tech- 


but he must have a well-trained mind, and he 
must possess power to perfect his qualifica- 
tions along any specialized lines in the short- 
est possible time. To this end, the years in 
college must be spent in acquiring an under- 
standing of principles and in the development 
of those aspects of theory which are difficult 
to acquire after the completion of one’s 
college course. 


LaporaATory PossIBILiTIEs 


The American technical school has already 
accomplished much in the development of 
laboratories. While it has used them thus far 
chiefly as facilities for instruction, it has 
always recognized the fact that there are other 
and equally important functions to be per- 
formed by them. The laboratories of a con- 
siderable number of schools have made im- 
portant contributions to the sum of human 
knowledge. This fact is suggestive of future 
possibilities. The practice of men must be 
guided by facts. The technical school cannot 
content itself with routine service. It must 
enshroud its classroom and its laboratories 
with an atmosphere of scientific achievement; 
its professors should be leaders not only as 
classroom instructors, but nation-wide lead- 
ers, even world-wide leaders, in the ‘complex 
and highly diversified fields of the science 
which they represent. The laboratories avail- 
able for the use of such men should multiply. 
Every technical school should aid, as indi-_ 
vidual schools have already aided, in setting 
forth new interpretations of physical phe- 
nomena. The laboratory must be more than 
a shop, more than an engine room, more than 
a collection of testing machines. No great 
laboratory can be ordered ready-made. It 
cannot be produced in response to a decree. 
Whatever its dimensions or its cost, it can be 
great only in so far as it reflects a purpose 
which is scientifically sound, and employs 
means which are scientifically correct. Its 
significance is necessarily limited to the quali- 
ties of the men who create and operate it. 
A laboratory which has been evolved through 
the activities and desires of a master is not 
only priceless for the school that possesses it, 
but necessary as a source of information of 
the highest value, to the field of practice 
which it is designed to serve. Assuming that 
the country has need of research laboratories 
for purposes quite apart from the work of in- 
struction, it can, Dr. Goss thinks, be shown 
that the technical school constitutes the most 
promising agency in our national economy 
upon which to place the responsibilities inci- 
dent to their creation and maintenance. 


Work OF THE TECHNICAL SCHOOL 


The relation existing between the standard 
of instruction in schools which prepare for a 
profession and the ideals of the profession is 
obvious. The fact that educational institu- 
tions of high standing are sending out each 
year into the engineering pursuits of our 
country more than 2500 graduates, nearly 
1000 of whom enter the field of mechanical 
engineering, suggests the basis for this rela- 
tionship. The technical school is, in fact, re- 
cruiting and otherwise stimulating the engi- 
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neering work of the country. Its more im- 
portant contributions may be summarized as 
follows: 

First, the work of the school tends to em- 
phasize the dignity of the calling. Profes- 
sionalism as distinguished from the art of 
practice of engineering is after all a question 
of quality. Professionalism is breadth! In 
our ambition to have a large part in the 
world’s affairs we sometimes forget the funda- 
mental source of power. We sometimes think 
too much of honors and too little of service; 
we desire the position before we are qualified 
to discharge the responsibilities it imposes. 
Our strivings must be for fitness. Progress 
in advancing the ideals of our profession will 
depend upon the character of the service 
rendered by the members of the profession. 
If every practitioner in the field of mechan- 
ical engineering possessed character and abil- 
ity responding to our highest ideals, no one 
would question the right of mechanical engi- 
neers to regard themselves members of a pro- 
fession. The technical school makes its con- 
tribution to the upbuilding of professional 
ideals by sending trained men into the pro- 
fession. 

Second, a service which the technical school 
is rendering the profession of engineering is 
that of contributing to the sum of its scientific 
data. Engineering as a science has made 
progress by leaps and bounds; rule of the 
thumb has given way to the rule of the mathe- 
matician and investigator. But notwithstand- 
ing all that has been accomplished in this di- 
rection, there are as yet but few departments 
in the field of mechanical engineering in which 
the basis of design is actually perfected. 
Further progress awaits the establishment of 
facts concerning the behavior of constructive 
materials, of lubricating films, of combustible 
mixtures, and of liquids and gases employed 
in thermo-dynamic processes as vehicles for 
the transmission of heat. The American en- 
gineer who has hitherto been occupied with 
the so-called practical aspects of his profes- 


- sion has concerned himself less than have the 


engineers of the great empire across the sea, 
with the work of the scientist. We, as engi- 
neers, need to train ourselves to a condition 
of mind which will make studious processes 
less difficult than at present. Along this line 
of endeavor the researches of the technical 
school will aid the profession by establishing 
new standards of proficiency, and by making 
new contributions to the existing fabric of 
facts. : 

Third, an important contribution which the 
school is rendering the profession of engi- 
neering is that of emphasizing the profession’s 
unity of purpose. The college graduate has had 
at least four years’ trainitig in teamwork. A 
majority of the student organizations with 
which he has been associated has maintained 
extra-mural affiliations. 

Whatever may be the nature of the contri- 
bution of the technical school to the ideals 
of the profession, the extent of the contribu- 
tion is a function of the quality of the school. 
Better instruction in the school must supply 
better recruits for the profession, greater 


activities in scientific researches on the part 


of the school must operate to increase the 
facility with which the problems of the engi- 
neer are solved, and influences in the school 
which tend to extend the student’s horizon and 
broaden his sympathies will in due time make 
their impress upon the professional life out- 
side of the school. The problems of the tech- 
nical school should not be left to the school- 
master, for, broadly interpreted, they are not 
the problems of the school but the problems 
of the profession. 


Proposed Restrictions for Heights of Buildings 
in New York 


Commission Submits Recommendations for Dividing City into Districts 
and Controlling Character and Heights of All Structures in Each District 


Oh HEN high buildings are crowded 
together the result is mutually 
disastrous. to all owners. Arrti- 

_ ficial light must be used on the 
lower floors even on the brightest day in sum- 
mer. The darker offices usually rent for much 
less than those with better light. When such 
conditions prevail it is clear that a reasonable 
restriction on height and court area, if applied 
at the start, would have been greatly to the 
advantage of all owners concerned.” These 
are some of the conclusions which the Heights 
of Buildings Commission of New York City 
has incorporated in its report submitted on 

Dec. 3 to the Board of Estimate and Appor- 

tionment. The restrictions recommended limit 

the height of a building at the street line to 
twice the width of the street, but this limit in 
no case is to be less than 100 ft. nor more 
than 300 ft. After reaching the limiting ele- 
vation the structure may be carried higher by 
setting the street walls back 1 ft. for each 4 
ft. of increased height. The report also rec- 
ommends that the city be divided into building 
districts and that to buildings erected in these 
districts certain restrictions as to height, char- 
acter and use be applied. Mr. George Mc- 

Aneny is chairman of the Board of Estimate’s 

heights of buildings committee and of the ad- 

visory commission Mr. Edward M. Bassett is 
chairman and Mr. George B. Ford, secretary. 

The report, in part, follows: 

The commission finds conclusive evidence of 
the need of greater public control over build- 
ing development. The present almost unre- 
stricted power to build to any height, over any 
proportion of the lot, for any desired use and 
in any part of the city has resulted in injury 
to real estate and business interests, and to 
the health, safety and general welfare of the 
city. 


GENERAL RESTRICTIONS FOR ALL BUILDINGS 


A building of excessive height is not neces- 
sary in order to realize the maximum net re- 
turn from the land. The tallest buildings 
often do not pay the best. The entrance hall, 
elevators, stairs and services take too much 
valuable space. Even supposing the building 
can be advantageously rented at the start, its 
prosperity will probably continue only so long 
as it is not surrounded by buildings of similar 
height. 

Lack of sunlight and the continuous use of 
artificial light undoubtedly have a direct rela- 
tion to health, eyestrain, and general physical 
and mental efficiency. The health and com- 
fort of the hundreds of thousands of office 
employees are matters of great public impor- 
tance. Equally injurious is the lack of ade- 
quate ventilation due to the opening of work 
rooms on deep and narrow courts within 
which any circulation or renewal of air is dif- 
ficult. The street subsurface is becoming over- 
crowded with sewers, pipes, wires and rapid- 
transit subways—all occasioned in consider- 
able measure by the extreme heights of build- 
ings. 

The restrictions recommended are designed 
to secure as ‘much light and air, relief from 
congestion and safety from fire as is prac- 
ticable under existing conditions as to im- 
provements and land values. In place of prov- 
ing a menace to existing values they will tend 
to prevent future serious injury to such values. 


The proposed regulations are in full as fol- 
lows: 
STREET WALLS 


1.. Except as hereinafter provided, when the 
street walls of any building reach a height 
equal to twice the width of the street they 
shall be set back from the street in the ratio 
of 1 ft. horizontally for each 4 ft. vertically, 
but the street walls of a building facing on any 
street, public place, park, or body of water, 
more than 150 ft. wide, including an interven- 
ing street, if any, must begin their setbacks 
not more than 300 ft. above the curb, except 
as hereinafter provided for towers. Street 
walls if erected on the building line may reach 
the height of 100 ft. on a street less than 50 
ft. wide before the setback as stated above 
must begin. When the width of a street varies 
in a given block, the width of the street for 
the purpose of determining the height of the 
street walls in said block shall be taken to 
mean the average width of said street in said 
block. ‘ 

2. When street walls are erected inside the 
building line so that a space intervenes be- 
tween the street and the wall, the setback shall 
begin where such wall intersects the setback 
plane as determined by the setbacks in para- 
graph 1, and above that point the wall shall 
set back in the same manner as if the wall 
were placed on the building line. 

3. Where a single building is erected upon a 
corner lot facing upon streets of different 
widths, the street of greatest width may be used 
to determine the height at which the setback 
shall begin. The mean level of the curb in 
such street of greatest width shall be the point 
from which such height shall be measured. 

3. Where a single building not on a corner 
lot abuts upon streets of different widths the 
height and setbacks of each street wall shall 
be determined by the width of the street on 
which it abuts. 

5. No cornice shall project more than 5 per 
cent of the width of the street beyond the 
building line or the plane determined by the 
required setbacks in paragraph 1. 


Courts 


6. Every building may cover the entire area 
of the lot up to and including the tier of beams 
forming the ceiling of the first story, which 
shall be that story the floor of which shall be 
not more than 7 ft. above the curb level at 
the highest point of any street on which the 
building abuts. 

7. Except as hereinafter provided, on all 
lots upon which buildings shall be erected pro- 
vision for light and air shall be made by leav- 
ing yards or uncovered courts above the sec- 
ond-story floor level, whose least dimension 
shall be not less than 6 ft. 

8. At any story of a building the least di- 
mension of any court, measured to an opposite 
wall of the same building or to a lot line, shall 
equal in feet at least one and one-quarter times 
the number of stories from the second floor to 
and including said story. This provision need 
not apply to a rear yard as required under 
paragraph 12. 

g. In a court of irregular shape the least 
dimension shall be taken to mean the least dis- 
tance between walls or between any wall and 
a lot line measured on a line erected perpen- 


pe Dees Se We Re SS 


ENGINEE 


660 


RING 


tear ewe ee ee 


dicular to the center of any side of said court. 

10, The provisions of paragraphs 7, 8 and 9 
need not apply to a court upon which no office 
or work room solely depends for access to out- 
side light and air. 

11. In every building there shall be a loss 
in area for each story above the second story 
floor level of at least 1 per cent of the lot 
area, in addition to other requirements herein- 
after contained. 

12. Except as provided in paragraph 13, 
there shall be an uncovered space above the 
second-story floor level between the rear line 
of every building and the rear line of the lot, 
which shall contain not less than Io per cent 
of the area of the lot and the least dimension 
of which shall be not less than 10 per cent of 
the depth of the lot. .When the front and rear 
lines of the lot are not~parallel, the depth of 
the lot shall be taken to mean the average 
depth. 

13. The requirements of paragraph 12 shall 
not apply to a building erected on a lot at the 
corner of two or more streets. When a build- 
ing is erected upon a lot fronting upon two or 
more streets but not on a corner there shall be 
an uncovered space above the second-story 
floor level equal in area to 10 per cent of the 
area of the lot. 


Courts 


14. No courts shall be required in a build- 
ing erected on a three-sided lot in which three 
sides face upon public streets and in which 
the length of the shortest side does not exceed 
100 ft. 

15. No courts shall be required in a build- 
ing erected upon a three-sided lot in which 
only two sides face upon public streets and in 
which the length of the third side does not 
exceed 100 ft. 

16. No courts shall be required in a build- 
ing erected upon a rectangular or trapezoidal 
lot in which three or more sides face upon 
public streets, and in which the greatest width 
of the lot from street to street measured in a 
line at right angles to either street does not 
exceed go ft. 

17. It is further provided that, in addition 
to a building erected as hereinbefore provided, 
a structure to be called a “tower” may extend 
without limit above such building and without 
loss of area, but such tower shall not occupy 
an area exceeding 25 per cent of the area of 
the lot, and no part of such tower shall ap- 
proach nearer than 20 ft. to any lot or street 
line, except, however, that such tower may be 
built on that building line of a building fac- 
ing on a public square, a public park, or the 
waterfront, with or without an intervening 
street, as defined in paragraph 1. 

18. The above regulations do not apply to 
tenement houses and do not apply to hotels in 
so far as paragraphs 6 to 16 in relation to 
courts are concerned, nor do they apply to 
church spires, belfries or chimneys for power 
_and manufacturing plants. The existing laws 
and ordinances in relation to tenement houses 
and hotels will be continued in force. 


HEIGHT REGULATION Districts 


The city should be divided into districts and 
the restrictions for each district worked out 
with reference to the peculiar needs and re- 
quirements of that particular district. The 
blanket restrictions recommended for immedi- 
ate adoption have, as a matter of fact, been 
devised with reference to the needs of the 
downtown office and financial district—the 
area of maximum congestion. 

Every city becomes divided into more or less 
clearly defined districts of different occupation, 
use and type of building construction. We 


have the central office and financial district, 
loft districts, waterfront and industrial dis- 
tricts, retail-business districts, apartment-house 
and hotel districts, tenement-house districts 
and private-dwelling districts. A compara- 
tively high degree of concentration is believed 
to be important for the facilitation of business 
in the office and financial district. These nat- 
ural districts must be recognized in any com- 
plete and generally effective system of build- 
ing restriction. The restrictions should be 
based on the theory that assuming that the en- 
tire district should be built up uniformly with 
buildings of the maximum height and extent 
allowed, the provision for light and air would 
be adequate, and the district as a whole would 
be appropriately improved. While the com- 
mission knows of no immediate practicable 
remedy for the existing congestion of popula- 
tion on the lower East Side, it believes that by 
appropriate restrictions, varying with the dis- 
trict, repetition of these conditions in other 
parts of the city can be prevented. A few 
comparatively small districts of the city are 
already spoiled, but most of the area of the 
city is still in condition to be greatly helped 
by appropriate regulations. 

The commission recommends that the Board 
of Estimate and Apportionment be empowered 
by the State Legislature to district the city for 
the purposes of building-height and court-area 
restrictions and to apply to buildings hereafter 
constructed different restrictions in different 
districts. It is recommended that the Board 
of Estimate and Apportionment, upon receiv- 
ing such legislative authorization, appoint a 
commission, which commission after hearings 
shall recommend to the board the precise 
boundaries of the several districts, and the 
regulations to be applied in each such district. 


Ercut C1LaAsses oF Districr 


While the Commission does not specify the 
exact number of districts to be created, or the 
precise restrictions, certain tentative conclu- 
sions are presented merely. by way of sug- 
gestion and illustration... The following eight 
classes of district should be provided for: 

A Districts—General restrictions recom- 
mended for immediate adoption, regulating 
heights of all buildings. 

B Districts—Twice the street width, and 
not over 150 ft. Setback 1 ft. horizontally for 
each 2 ft. vertically. 

C Districts —Twice the street width, and not 
over 125 ft. Setback same as B. 

D Districts. —One and one-half times the 
street width, and not over 125 ft. Setback 1 
ft. horizontally for each 1%4 ft. vertically. 

E Districts——One and one-half times the 
street width, and not over go ft. Setback same 
ase! 

F Districts—Once the street width and not 
over 80 ft. Setback 1 ft. horizontally for each 
I ft. vertically. 

G Districts—Not over 50 ft. 
as F, 

H Districts —Not over 36 ft. 
as F. 

When the street front of any building shall 
have reached the height limitation, the build- 
ing may still be erected to a further height at 
a point set back from the street to the distance 
provided by the setback regulations. The set- 
back regulations are to be understood to permit 
vertical walls or pitched roofs or other struc- 
tures, provided only no part of such structure 
rising above the height limited at the front 
wall shall extend above the limit allowed by 
the particular setback provision. Where the 
height limit is the street width or a multiple 
thereof the setback provision is designed to 
preserve a certain angle of light determined 
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for the various classes of districts as herein 
set forth. 

The aforementioned eight classes of districts 
were worked out after a careful study of land 
values and improvements throughout the city. 
It seemed that every portion of the city could 
be appropriately placed in some one of these 
eight classes without sacrificing existing 
values, 

Class A restrictions, under the districting 
plan, should be confined to the area or areas of 
maximum business congestion, namely, much 
of the lower end of Manhattan below Park 
Place, Broadway to Fifty-ninth Street, and 


certain limited areas south of Forty-second 


Street. Classes B, C, D and E are designed 
to cover most business and industrial districts 
and also high class hotel and apartment house 
districts. Most of Manhattan, small portions 
of Brooklyn, Queens and The Bronx and no 
part of Richmond should be included in these 
districts. Z 

It’seems that a very small portion of Rich- 
mond and Manhattan and very large portions 
of Brooklyn, Queens and The Bronx should 
be included as F and G districts. 

Class H restrictions limit height at building 
line to 36 ft. This will mean for the most part 
the building of one and two-family houses, and 
should be applied to districts where this type 
of construction is most appropriate. It seems 
that almost all of Richmond, most of Queens 
and large areas in Brooklyn and The Bronx 
can appropriately be.included as H districts. 

In the illustrations and suggestions in regard 
to districting the commission has made no ref- 
erence to restrictions as to courts and yards, 
save those contained in the recommendations 
for’ District A, which would prevail for the 


entire city unless superseded. This ‘is a diff- _ 


cult subject and in working it out it is possible 
that it would be desirable to increase the num- 
ber of classes of districts. It may, for exam- 
ple, be desirable to divide class H, where the 
36-ft. height limit obtains, into two or more 
classes, with different limitations as to courts 
and yards. Provision for adequate courts and 
yards is of the utmost importance in carrying 
out a well-considered plan of building develop- 
ment, 


RESIDENCES AND FACTORIES 


Height limitations alone will not prevent 
deterioration of sections owing to the invasion 


of inappropriate industries or structures. 
When single-family dwellings, apartment 
houses, stores and factories are thrown to- 


gether indiscriminately the health and comfort 
of home life are destroyed and ey and 
rental values are reduced. 

Factories and other industries should not be 
permitted to enter certain residence sections. 
In certain districts a man should be able to 
build a home in a neighborhood of his choice 
without the hazard that in a few years through 
the building of apartments or other structures 
the location will become undesirable for a 
home of the character he has built and his 
property will be seriously depreciated.. Rea- 
sonable restrictions will tend to stabilize ex- 
isting’ districts. The commission recommends 
that an act be passed by the State Legislature 
authorizing the Board of Estimate and Ap- 
portionment to regulate the location of indus- 
tries and the location of buildings designed for 


specified uses and to establish districts for this 
purpose. 


Aw Irrtcatron Dam to impound 7500 acre- 
ft. of water is in course of construction near 
Lliu Lliu in Chile, according to a recent con- 
sular report. The dam will be 125 ft, high 
and 2500 ft. long at its crest. 
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Safeguarding Displaced Viaduct Piers 


Stopping Dangerous Settlement and Sliding by Drainage 
System; Underpinning and Rebuilding Foundations at Cleveland 


HE steel highway viaduct across the 
Cuyahoga River and valley and a 
number of railroad tracks in Cleve- 
land, Ohio, has tall masonry piers on 
earth and pile foundations. Movements have 
been observed in some of them ever since 
their construction in 1887. Excessive settle- 
ment and large displacement parallel to 
the bridge axis eventually injured some of 
the piers, displaced the superstructure so 
much that portions of it had to be cut off, 
and endangered the safety of the viaduct. 
In order to provide for greatly increased 
traffic and to insure the safety of the struc- 
ture for a few years until the whole is re- 
’ placed by a new one some of the piers have 
been rebuilt and others have been reinforced 
with additional foundations, involving a con- 
siderable amount of difficult and dangerous 
work of a somewhat unusual character, which 
has been successfully completed. 

The viaduct is about 2835 ft. long, 100 ft. 
high and 56 ft. wide, with two electric-car 
tracks, two roadways and two sidewalks. The 
236-ft. swingspan over the river was replaced 
last year by a fixed span, as described in the 
Engineering Record of July 6, 1912, page 27, 
which eliminated the pivot pier and provided 
increased headway sufficient for the navigation 
requirements, thus saving in operating ex- 
penses and greatly facilitating traffic. The 
new span is supported on the old rest piers 
(37 and 38) for the swingspan, and in order 
to carry the increased loads their foundations 
were extended and the old masonry preserved, 
thus effecting the saving of a large portion of 
the $150,000 which it was estimated would 
have been the cost of new piers. 


MovEeMENT oF PIERS 


Movements of piers 38 and 39 were noticed 
when they were built in 1887, but observations 
on the other piers were not recorded at that 
time. In 1894 a new base line was established 
and the observations from it were made on 
all piers. As these were not tied up to the old 
line, the movements occurring between the last 
observation on the old line and the first on 
the new line were not definitely ascertained. 
From later observations it was found that the 
movements were continuing in piers 38, 39 and 


40, but none was observed in pier 41 or the 
adjacent abutment. The movements are shown 
on the accompanying diagrams. The hori- 
zontal movements toward the river attained 
ultimate amounts of 1.82 and 1.11 ft. for the 
east and west shafts of pier 38, 1.94 and 1.88 
ft. for the shafts of pier 39, and 1.11 and 0.75 
ft. for the shafts of pier 40. Piers 38 and 39 
have also moved downstream, transverse to 
the bridge axis, 0.65 and 0.75 ft. respectively. 

As all of these movements were determined 
by measurements made from the base lines to 


Borings indicated that the land piers were 
founded on stiff clay with considerable water 
and some quicksand above the clay, but they 
did not disclose well-defined strata of quick- 
sand or water-bearing materials. Nine tracks 
of the Erie Railroad Company, transverse to 
the bridge axis, were in operation between 
piers 39 and 4o, and three north of pier 39, 
and it was thought by some that the vibrations 
caused by these heavily loaded trains in the 
saturated soil of the side hill were sufficient 
to produce slipping on the inclined clay strata. 
In view of this opinion it was believed that 
drainage of the soil might stop the movements, 
and work was undertaken for this purpose be- 
fore the pier repairs were commenced. 

In 1911 a drain about 500 ft. long was built 
parallel with and close to the uphill side of the 
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Location of Displaced and Settled Piers and Sidehill Drain 


marks on the copings, it was at first uncertain 
whether the piers were moving bodily or 
simply being revolved about their bases. To 
determine this point marks were accurately 
located both at the coping and near the ground 
on the side center line of each pier, and the 
lines thus determined being plotted on the 
original plans and produced to intersections 
with the bases of the piers, it was found that 
pier 40 had rotated about its base, pier 38 had 
moved bodily without rotation, and pier 39 had 
moved bodily and rotated. From a study of 
these movements it was concluded that they 


were due to a landslide commencing some- 


where between piers 39 and 4o. 


group of tracks passing under the bridge be- 
tween piers 40 and 41 and extending for some 
distance beyond it on both sides, and an outlet 
was provided for it by means of a branch about 
250 ft. long connected to it at a point near the 
center and running parallel with the bridge 
axis to its outlet in the river. Part of the 
drain consisted of a 3 ft. 8 in. x 4 ft. 8 in. two- 
ring-brick egg-shape section built in tunnel 
under the railway tracks and bridge, and the 
remainder consisted of a three-ring circular 
section 24 in. in diameter inside, which was 
built in open trench about 24 ft. deep. 

The entire tunnel excavation outside the 
brickwork was filled solid with masonry to 
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Diagram Indicating Settlements in Twenty-six Years for Both Shafts of Each of Three Piers 
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guard against settlement of the tracks. The 
circular section invert was built with full 


mortar joints, but the bricks in the arch were 
only bedded in mortar, the mortar being 
omitted in the end joints. Open butt joints 
were also left in the arch every 3 ft. from 
spring line to spring line, and the arch was 
covered with a layer of straw and the trench 
backfilled with cinders to provide for percola- 
tion into the drain. 

Before sufficient time had elapsed to deter- 
mine the effect produced by the drainage, ap- 
propriations were made for the repair of the 
viaduct, and the work here described was car- 
ried out. No displacement whatever has since 
been observed in the piers, and it is not yet 
determined whether the drainage system or 


view to provide a little experimental investiga- 
tion which would determine the best method 
of stopping the hill slide so that the new 
structure could be properly designed. The 
reconstruction of the river span was not con- 
sidered necessary, but was advantageous on 
account of the additional safety and the re- 
duction of operating expense secured. Piers 
39 and 4o were in such bad condition that 
immediate rebuilding was necessary. 


UNDERPINNING PIER 37 


The foundation of the north river pier 
37 was extended as illustrated in the En- 
gineering Record of June 29, 1912, page 716, 
at a cost of about $28,400. The pier was in- 
closed by a double-pile and puddle cofferdam, 


concrete extension to the old footing was car- 
ried out over the full area of the cofferdam, 
and the latter was left permanently in position, 
The old foundation piles were only 30 ft. long, 
and the excavation, 10 ft. deep around their 
upper ends, which was necessary for placing 
the new concrete, reduced their penetration to 
22 ft. and still further increased the dangers 
of the situation. The old foundation piles 
were found leaning 3 ft. toward the river, 
and as far as could be seen only about one-third 
of them were bearing against the foundation 
grillage. The old protection and cofferdam 
piles encountered were found inclined toward 
the river as much as 45 deg. The installation 
of the new foundation piles gave the most con- 
cern, as the driving of each one caused a 
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Old and New Channel Spans and Old Piers (Upper Left); Inclined Positions of Old Foundation Piles (Lower Left), 
and Spans Supported on Falsework Tower for Pier Renewal 


the repairs, or both, were responsible for the 
cessation of movement. 


EFrects oF MovEMENTS 


Between piers 38 and 40 the average longi- 
tudinal movement of the viaduct toward the 
river averaged I in. per year, necessitating 
the frequent amputation of one end of the 
swingspan and span 96, and it became event- 
ually impossible to revolve the swingspan end 
for end. Piers 39 and 40 were considerably 
inclined and cracked and the vertical posts 
supporting the river end of span 38 were 
carried 14 in. out of plumb. In I903 pier 39 
was reinforced by heavy timbers and in 1910 
pier 40 was similarly strengthened by hori- 
zontal yokes securely clamping the framework 
of vertical timbers against the masonry. 

Meantime the constant increase in live loads 
to which the bridge was. subjected, together 
with the inadequate maintenance provided for 
it, made it desirable to replace the entire struc- 
ture within the next ten or fifteen years, and 
the repairs necessary for present safety and 
the immediate future were made of a tempo- 
rary nature, as here described, and with a 


which was unwatered, allowing the timber 
grillage footing to be undercut about 6 ft. on 
all sides. The tops of the old foundation piles 
exposed were inclosed in a solid mass of rein- 
forced concrete extending about 6% ft. beyond 
the old footing, where it was supported on 
about one hundred and fifty new foundation 
piles and acted as a continuous girder to dis- 
tribute the load of the pier between the old 
and new piles and develop the resistance of 
the latter against further settlement of the 
masonry. After the completion of the founda- 
tion work the cofferdam was removed and the 
excavation backfilled around the pier founda- 
tion. 


UNDERPINNING PIER 38 


Pier 38, which had supported the south end 
of the drawspan and now supports the end 
of the fixed river span, was underpinned in 
substantially the same manner as pier 37, but 
on account of the very large movements which 
occurred previous to and during the under- 
pinning, amounting to a final total displace- 
ment of nearly 3 ft., the work was very hazard- 
ous, and was very cautiously executed. The 


perceptible movement in the pier. The total 
movement due to the driving of new piles was 
0.19 ft. at the top and 0.61 ft. at the bottom of 
the pier at the east end and 1.07 ft. at the 
top and 0.71 ft. at the bottom at the west end 
of the pier. Constant observations of the pier 
were made to detect any sudden or unusual 
movement, and the concrete work was pushed 
as vigorously as possible, but was seriously 
retarded by the extremely cold weather. 


REBUILDING THE SHORE PIERS 


The old masonry in piers 39 and 40 was 
removed to a few feet below the surface of 
the ground and the piers rebuilt of 1:2:4 Port- 
land cement reinforced concrete. The con- 
crete was machine-mixed on the bridge floor 
and chuted to place and the old masonry re- 
moved by a derrick, also seated on the bridge 
floor. 

During the removal of the old piers 39 and 
40 and the building of the new, the ends of 
old spans 96, 97 and 98 which they support 
were temporarily carried on wooden false- 
work towers inclosing the piers and permitting 
the old masonry to be removed and the new 
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masonry to be built inside of them. The end 
lower chord pins of the trusses in these spans 
were suspended from the falsework towers 
through pairs of large steel plates which they 
engaged. The plates were pierced with large 
rectangular holes engaging transverse hori- 
zontal I-beams about 20 ft. long that cleared 
above the inclined end posts of the trusses. 
These beams projected beyond the sides of the 
twin shafts forming the pier and were car- 
ried on plate girders in the upper parts of 
the falsework towers. 

The extra pin bearings necessary for the 
engagement of the hanger plates outside ot 
the truss bearings were provided by the ex- 
pedient of removing the original Lomas nuts 
and utilizing the shouldered ends of the pins, 
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the old footings on which they were placed 
after the upper portion of the masonry had 
been removed. 

The pipes were driven by a machine located 
on the surface of the ground and having a drop 
hammer which fell 4 or 5 ft., and which was 
operated by an engine on the bridge floor 
above. As this work was being executed at 
the same time as that on adjacent pier 38, 
great care was exercised in driving the pipes 
to avoid excessive vibration that might be 
transmitted to pier 38 before the concrete there 
had set. 

The cost of rebuilding piers 39 and 4o and 
the incidental work was $14,734.98. The cost 
of work on the river piers 37 and 38 and for 
the removal of the pivot pier was $88,811.53. 


_ Falsework Tower Supporting Spans While Piers Were Rebuilt 


which they had inclosed, for the bearings. 
The nuts were then replaced in reverse posi- 
tion while the span was suspended. After the 
hanger plates, beams and girders were as- 
sembled in position jacks were placed under 
the transverse beams and operated to lift the 
span clear of the bearings on the old piers 
and lowered them to bearing on the falsework. 


UNDERPINNING OF PIER 39 


As the foundation load on pier 39 did not 
exceed 4000 Ib. per square foot on the stiff 
blue clay, no additional bearing for it was at 
first contemplated. During the operations on 
pier 38 a large fissure transverse to the bridge 
axis was developed in the ground just beyond 
pier 39, and in view of this serious lateral 
movement of the earth it was deemed advisable 
to enlarge the bearing area of the pier footing. 
Close to the long sides of the pier five 12-in. 
wrought-iron pipes, 30 ft. long, were driven 
on each side to clear the falsework-tower 
piles and were excavated, filled with concrete, 
and capped with reinforced-concrete islabs 4 
ft. thick, which were made continuous across 


The total cost, including the drainage system, 
was $119,372.76. 


MovEeMENTS OF SPANS 


Piers 38 and 39 had moved downstream 
transversely to the bridge axis, displacing the 
alignment of the superstructure, which after 
the pier repairs were completed was moved 
back in the opposite direction to the original 
position. This involved a transverse move- 
ment of 7%4 in. on pier 38 and g in. on pier 
39, which was effected by jacks. The move- 
ment parallel to the axis of the bridge re- 
quired a longitudinal replacement of 3 in. for 
span 96 and some movement for span 97, both 
of which were effected by steamboat ratchets. 

The work was designed and executed under 
the direction of the Division of Engineering 
of the Department of Public Service of the 
City of Cleveland, of which Mr. W. C. Spring- 
horn is director, Mr. Robert Hoffman chief en- 
gineer, and Mr. F. D. Richards bridge en- 
gineer. The Great Lakes Dredge & Dock 
Company was the contractor for underpinning 
the piers. 


Aeroplane for Patrolling Electric 
Transmission Lines 


Western Power Company Employs Aviator to 
Make Regular Trips of Inspection and Repair 


iN aeroplane for patrolling long-distance 

electric-transmission lines has been placed 
in service by Mr. E. W. Beardsley, general 
superintendent of the Great Western Power 
Company, of San Francisco. This is the first 
time that an aeroplane has been used for such 
work, When a break in the line is observed 
the machine can be landed and a lineman who 
accompanies the aviator can make the neces- 
sary repairs. Large numbers have been placed 
on all of the company’s towers in order that 
they may be easily distinguished from above. 
The towers are about 750 ft. apart, so that in 
flying at the rate of 40 miles per hour con- 
siderable time is allowed for the inspection of 
each section of the line. 

The Great Western company’s transmission 
line extends from Big Bend on the Feather 
River, across sloughs and marshes of the 
Suisun Basin and finally over the Coast Range 
to Oakland, a distance of 160 miles. At pres- 
ent nearly all of this line must be patrolled on 
foot, except in the level valleys. Portions of 
the marshes are impassable and great difficulty 
is experienced and frequent delays caused 
when breaks occur in these inaccessible loca- 
tions. It is hoped by the use of the aeroplane 
greatly to expedite repair work and thus 
afford better service to the consumer. 

The aeroplane used by the Great Western 
company is a Wright model, slightly modified 
by altering the pitch of the propeller so that a 
speed of 40 miles per hour may be constantly 
maintained. The wheels and axles on the 
landing mechanism have been strengthened to 
permit landing on fairly rough ground. A 
rigging for the lineman’s kit of tools has been 
attached to the plane, as it is the company’s 
intention to have linemen repair any minor 
troubles whenever possible. In case of breaks 
which cannot be handled by one man, he will 
phone the dispatcher by means of a portable 
telephone. The dispatcher can send as many 
men as may be required, with the least pos- 
sible loss of time, to the exact tower desig- 
nated. 

The aviator selected for the patrol duty is 
Robert Fowler. He is stationed at Sacra- 
mento. The trips, which will be made twice a 
week, were begun on Nov. 20. 


Moving Loads on Steel Bridges 


Consideration of Stresses Produced by Train 
Crossing Truss and Girder Spans 


| Meee ee aati Ne of the stresses pro- 
duced in steel railroad spans by locomotives 
and trains moving across them, at different 
speeds, have been in progress at Washington 
University since 1906, and a review of them 
recently published by Mr. E. O. Sweetser, as- 
sistant professor of civil engineering, does not 
warrant final conclusions, but indicates that 
impact stresses increase with the speed of the 
locomotive, but do not appear to have any 
fixed relation to it for short spans. 


Impact INVESTIGATIONS 


In 1906 records were made by students on 
stresses in a 150-ft. pin-connected single track 
Pratt truss span built in 1883 with suspended 
floorbeams and light lateral and floor sys- 
tems. The investigators concluded that “the 
present formule seem to be extravagantly 
generous in the allowance for impact.” In 
the light of subsequent investigation Professor 
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Sweetser believed this to indicate something 
radically wrong in the assumptions made as to 
the distribution of static stress. 

Additional experiments on the same bridge 
in 1907 lead to the conclusions that for 
“speeds up to 15 miles per hour there is no 
increase of stress; for speeds up to 36 miles 
per hour there is an increase of 25 per cent, 
and for speeds up to 45 miles per hour there 
is an increase of 30 per cent in stress.” 


Turee Brinces TEesrep 


In 1910 and Igi1I tests were made on three 
bridges under the direction of Professor 
Sweetser. The records were made both un- 
der regular traffic and under special trains 
consisting of a freight locomotive followed 
by four or five heavy cars run across the 
bridge at different speeds. The stresses were 
indicated by special extensometers recording 
the elongation in a measured distance of 50 
in. These two instruments magnified elonga- 
tions about 56.5 and 59.5 times and recorded 
the amounts by a pencil moving on paper 
transverse to the direction in which the pa- 
per was moved automatically by. clockwork. 
The speed of trains was determined by timing 
them with a stop watch over measured dis- 
tances of 500 ft. for high speed and from 100 
to 200 ft. for low speeds. 

About 300 records were made of the ef- 
fects of trains passing over three 153 ft. 114- 
in. riveted through-truss single-track spans of 
bridge 18.2 of the St. Louis & San Francisco 
Railway at speeds varying from 2% to 50 
miles per hour. This bridge replaced the 
one previously tested, and had heavy members 
capable of resisting both compression and ten- 
sion stresses. Most of the records were made 
on the center span. The lower chords, main 
diagonals, one suspender, top chords, second- 
ary verticals, and end posts were tested. 

About 50 records were taken of train loads 
on the single track deck-plate girders, 69 in. 
deep, in a two span bridge for the Missouri 
Pacific Railway. The extensometer was placed 
on the tension flange of the girder at the center 
of the span. The speed of the trains varied 
from 7 to 51 miles per hour. 

About 200 records were made of train 
loads on the 36-in. plate girders for a 33-ft. 
deck single-track span of the St. Louis & San 
Francisco Railroad, the extensometers being 
placed on both inner and outer flanges. 

About 300 records were made of trains on 
two spans of 52-ft. deck plate girders 69 in. 
deep with a track curved 2 deg. 


CoNCLUSIONS 


The analysis of the results of the tests and 
the curves from them indicate that the dis- 
tribution of stress in plate girder flanges is 
not at all uniform and that considerable im- 
pact often exists for short spans at speeds 
of 10 miles per hour, and that such a speed 
does not necessarily give a static stress. 


Tue ELectricALLy PROPELLED COLLIER 
“Jupiter” has performed a successful forty- 
eight hour trial at sea off Santa Barbara, Cal. 
It maintained an average speed of 14.78 knots, 
or about 34 knot above the required speed. 
The “Jupiter” is a 20,000-ton ship, equipped 
with twin propellers directly connected to 
three-phase induction motors supplied by a 
turbo-generator. This ship was equipped with 
electric propulsion in order that it might be 
compared with the “Cyclops,” which has 
reciprocating engines, and the “Neptune,” 
which is equipped with geared turbines. All 
are of the same type and of similar displace- 
ment. 
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Earth Slide Burying Steam Shovel and Work-Train Equipment 


Northwestern Pacific Railroad Extension 


Closing the 100-Mile Gap between San Francisco and Eureka 
by Means of a Line through the Rugged Eel River Valley 


OMPLETION of the 100-mile link be- 
tween the two ends of the Northwest- 
ern Pacific Railroad in California is 
now in sight, as more than half the 

mileage has already been turned over to 
the operating department. The link is located 
entirely in the valley of Eel River, which it 
follows closely on a water grade. Rich agri- 
cultural and grazing land and heavily wooded 
areas, together with one of the most equable 
climates in the world, make bright the pros- 
pects for heavy freight and tourist traffic be- 
tween San Francisco and Eureka, the largest 
coast city in California north of San Fran- 
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cisco, Eureka is a town of 12,000 people, lo- 
cated on Humboldt Bay, a deep-water harbor 
on which the Federal Government has spent 
$2,000,000 for breakwaters and is now spend- 
ing $1,000,000 more for repairs. 


lor many years the southern section of the 
road, which parallels the coast for more than 
100 miles, ended at Willits, 8 miles beyond the 
summit separating the Russian River running 
south and a tributary of the Eel River run- 
ning north. At the north end a lumber road, 
when acquired several years ago, stopped at 
Shively. As extended south from this point 
the line traverses 10 miles of sequoia forests 
of great stately trees to the Dyerville cross- 
ing of Eel River and continues on the oppo- 
site side to McCanns, where the steam and 
wagon roads separate, the former following 
the river closely and the latter taking the crest 
of the comparatively narrow ridge separating 
the two forks of Eel River. Track is now 
laid to Fort Seward. 


CHARACTERISTICS OF COUNTRY 


This stretch is typical of the whole line, 
with its sliding earth slopes alternating with 
steep, rocky hillsides and wooded flats. It is 
described thus: “The scenery is of a rough, 
wild type, mountainous, characterized by steep 
hillsides, precipitous cliffs and great rock 
masses, many standing, sentinel-like, at the 
water’s edge, or rising high from midstream. 
Often there are long stretches where the hills 
rise abruptly from the water, and in many 
places the river beach is covered with boul- 
ders and rocks. Upheavals some time in the 
past are evident everywhere in broken strata, 
yet hardy growths of trees and underbrush 
beautify all spots with their verdure. So nar- 
row is the river valley in most cases for a dis- 
tance of 50 or 60 miles that human habita- 
tions are almost out of the question, although 
back over the ridge are other valleys larger 
and richer in soil, In this section the engi- 
neers have had to tunnel so many times that 
if the bores were located at regular intervals 
there would be one every 7 or 8 miles from 
San Francisco to Eureka.” Where redwoods 
of value were encountered they were felled 
parallel to the track, cut to logging sizes, 
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rolled to one side and sold or reserved. The 
stumps were blown out with dynamite. 

From Dyerville south only two lines are at 
all feasible, one following the South Fork and 
the other following Eel River. The latter was 
deemed the more desirable. The ruling 
grades on this line are 0.7 per cent compen- 
sated, and the maximum curves are Io deg. 
The longest tunnel, at Island Mountain, is 
about 4300 ft., which saves a detour around a 
loop of more than 4 miles following the river 
and avoids some bad sliding country. 


BRIDGES 


Three long bridges span the Eel River. 
Twelve smaller structures just north of Wil- 
lets, crossing Outlet Creek in a distance of 20 
miles, have from two to six steel girders each. 
Numerous pipe culverts and small concrete 
arches with ballasted decks span small tribu- 
taries. 

Of the three steel bridges over Eel River 
the longest has a length of 1117 it. and is 
located at Cain Rock, to miles south of Ft. 
Seward. It consists of three through spans of 
200-ft. Pratt trusses on 45-deg. skew piers, 
with 60 and 7o-ft. steel deck girders at the 
ends. No unusual difficulties were encount- 
ered in building the piers under the four cen- 
tral spans, as rock was within 20 ft. or less 
of the surface. Concrete for the piers is 
placed from a mounted concrete tower which 
traverses the entire length of the bridge along 
a trestle.. The higher part of the trestle ac- 
commodates a track over which cars carrying 
the aggregate are brought to a Smith mixer 
located at the base of the tower. On Oct. 1 
pier 6 had been completed, pier 4 had the 
foundation placed and work had begun on 
piers 5 and 7. These four large piers are in 
the river; the small ones out of water were 
mostly completed or under way at that time. 

At Dyerville the crossing is made by two 
180-ft. and two 200-ft. spans of through pin- 
connected Pratt trusses on foundation piers 
built on piles driven into the gravel and in 
cribs with cofferdams carried down through 
sand and gravel to rock from 20 to 25 ft. 
below low water. The contractor for the 
foundation, the Mercer-Fraser Company, had 
an extensive outfit, including A-frame der- 
ricks, several pile drivers and a concrete 
tower. 

At the base of the latter a 34-yd. Smith 
mixer received aggregate from industrial cars 
hoisted over an incline. Hoppers to receive 
the mixed concrete from the elevator bucket 


Topography along Route of Northwestern Pacific Railroad 


‘rested on cantilevers extended in front of the 


guides. : 

The third large bridge, 12 miles south of the 
Cain Rock bridge, spans the river just 20 ft. 
ahead of the portal of Island Mountain tun- 
nel, about 93 ft. above low-water level. It has 
two 60-ft. and one 1oo-ft. deck plate girders 
and two 200-ft. deck pin trusses. 


TUNNELS 


Between Eureka and San Francisco will be 
forty-seven tunnels, thirty-one south of Island 
Mountain and the remainder north. Island 
Mountain tunnel, directly across the river 
from the mountain bearing that name, which 
in turn receives its name from the fact that 
Kel River, together with two small creeks, 
almost surround it with water, is a single- 
track bore driven on a tangent. It enters the 
steep slope of the mountain at the south por- 
tal 20 ft. beyond the end of the 620-ft. river 
crossing just mentioned. 

The tunnel is of the standard Southern Pa- 
cific type, 21 ft. 4 in. high by 17 ft. wide, 
timbered with Io x 14-in. redwood five-sided 
bents spaced from 6 in. to 5 ft. apart, depend- 
ing on the material, which varies from soft 
shale to sandstone. Isolation from the nearest 
point of supply, Longvale, 65 miles south, to 
which point the company constructed a wagon 
road, made it impracticable to bring in heavy 
machinery. The faces were therefore hand- 
drilled and the muck was removed by horses 
and cars. 


Lowering Plate-Girder Span into Place from Gallows Frame 


Work on the tunnel was begun in May, 
1911, and the two headings came together 
Teb. I, 1913, while the benches, which fol- 
lowed the headings within 100 ft., were com- 
pletely removed by March 17. About 300 men 
were employed, working three eight-hout 
shifts per day. The average daily advance 
during the 631 actual working days was 4 ft. 
2 in. Spoil taken from the approaches and. 
tunnel aggregated 93,000 cu. yd. During con- 
struction 750,000 lb. of dynamite, 75,000 caps 
and 300,000 ft. of fuse were employed. About 
3,000,000 ft. of lumber were used in timber- 
ing, not including 1500 cords of wood packed 
in the over-break cavities. So well distrib- 
uted was the work and so evenly did both 
crews progress that the heading was holed 
through at the center of the tunnel. 

Nels Lind & Company had the contract for 
the north end and the Utah Construction 
Company worked from the south portal. The 
engineer in charge of the work predicted the 
date of completion within two days, and his 
lines came together within 1/16 in. 


GRADING 


Much grading work, including the removal 
of slides and the excavation of gravel ballast, 
has been carried on by company forces util- 
izing four 70-ton Bucyrus steam shovels. At 
the north end several contractors are at work 
with four shovels, and all contracts have been 
let for the excavation at the south end. One 
of the greatest handicaps experienced in the 
construction of the Northwestern Pacific has 
been the sliding character of the country all 
along the line. A cut is seldom made that is 
not followed by a succession of slides that 
greatly delay and retard progress. Contract- 
ors who succeed in turning over work to the 
railroad company before a slide has come in 
to undo all their efforts count themselves for- 
tunate, for then the railway company takes 
upon itself the task of keeping the right-of- 
way clear. 

Long hauls of supplies and material over 
the mountain roads are large factors deter- 
mining the length of time yet required to 
complete the link. More than 80 miles of 
wagon road have been constructed, having 
grades as high as 8 per cent. A large portion 
of the mileage comprised the connections 
from the main stage road on the ridge to con- 
venient points on the railroad. 

The construction work of the Northwestern 
Pacific Railroad, which is owned jointly by 
the Santa Fé and Southern Pacific, is handled 
by Mr. W. C. Edes, chief engineer. The Utah 
Construction Company is the general con- 
tractor. 
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Roof Trusses of New Rochester 
Passenger Station 


Three-Hinged 90-Foot Steel Arches Arranged in 
Four Cross-Braced Pairs and Supported 
on Two-Story A-Frames 


1ES new passenger station of the New 
York Central & Hudson River Railroad 
at Rochester is a large steel frame building 
occupying a triangular site between Clinton, 
Central and Joseph Avenues, one block east of 
the old station. The most important structural 
feature is the 122 x 156-ft. roof over the main 
waiting room. This is carried on four pairs 
of three-hinged steel arch trusses of go it. 
8-in. span supported in an unusual manner by 
long vertical and inclined posts engaging their 
skewback pins. 

There are four pairs of trusses thoroughly 
braced together with riveted horizontal and 
transverse braces in the planes of the top and 
bottom chords and of the web members. The 
trusses in the end pairs are 9% ft. on centers 
and in the intermediate pairs 8 it. 8 in. The 
pairs of trusses are uniformly 39 ft. 4 in. 
apart; they are considered independently 
stable, and no lateral, diagonal, or sway brac- 
ing is provided in the wide panels between the 
pairs. The trusses have a rise of 36 ft. 4 in. 
on centers and a chord length of 68 ft. 1 3-16 


in. on centers of each semi-truss, and the Simultaneous Erection of Semi-Arch Trusses by Steel Traveler 
crown pin is 67 ft. 8 in. above the waiting- 


main waiting room and 
the spaces between them 
are utilized for a ventila- 
tion chamber. The lower 
chords support the vaulted 
tile ceiling, which is a 
Guastavino arch — sus- 
pended from the trusses. 

The roof trusses weigh 
about 22 tons each, and 
each semi-truss was shop- 
riveted in two sections. 
The vertical and inclined 
posts supporting each 
semi-truss were erected 
: The skewback pins are first and anchor-bolted to their footings. The 
S_ 21 it. 4 in. above the floor. posts for each pair of trusses were braced to- 
3 All trusses are substantially alike gether by horizontal and diagonal struts, giv- 
= The drawing shows the heavy ing them the independent stability of a wedge- 
: curved bottom chord, the light shaped tower. The two sections of each semi- 
straight sections forming the top chord, the truss were assembled and riveted together flat 
triangular end panels and the main and on the waiting-room floor and were simultane- 
diagonal web members of the intermediate ously erected by a pair of movable steel stiff- 
panels. The two panels adjacent to the leg derricks, which maintained them in posi- 
skewback pins have a solid web plate, and tion until the crown and skewback pins were 
the bottom chords have reinforced webs at the driven, completing the arch section. One of 
skewback ends. Near the crown of the arch, the derricks was then disengaged and used to 
where the chord stresses are a minimum, the erect a purlin, bracing it to the already com- 
depths of the panels are reduced, and the pleted structure before the other derrick was 
chords are spliced together at panel points by released. Thus stability of the trusses was 
the connection plates and by outside web provided during erection without the use of 
cover plates. There is a clearance of 3 in. be- falsework or temporary bracing. 


| esl tween the ends of the semi-trusses at the The building contains 910 tons of struc- 
j—-— - crown, 


364'ClocPINS ~---- 


room floor. 
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ee ee A ; tural steelwork, including 250 tons in the roof 
rt e purlins are 18-in. I-beams; they are here described, all of which was fabricated 
S braced by 6-in. channels over the trusses and and erected by the Buffalo Structural Steel 
eee ens midway between them. The reinforced-con- Company. 
wy sor crete roof slabs are of variable thickness in The station was designed and erected under 
Ci the center of the roof to give a top surface of _ the joint direction of Mr. Claude Bragdon, of 
? uniform radius. At the sides of the roof the Rochester, the associate architects of the rail- 
i top chords of the roof trusses are straight road engineering department, and Mr. G. W. 
8 and the flat roof slab has a uniform thickness. Kittredge, chief engineer, and Mr. J. W. Pfau, 
At the crown of the arches the roof slab has engineer of construction, of the New York 
a continuous longitudinal expansion joint. Central & Hudson River Railroad. Mr. F. E. 
Here the concrete is carried up to form curbs Paradis, district engineer of the Western dis- 
/ Shee Mezzanine Floor about 8 in. high, which are covered by a metal trict, was in charge of all construction and 
Fa rolled flashing that automatically adjusts Mr. J. B. Reinhardt was resident engineer. 
; itself to temperature movements. The steelwork was designed by Mr. J. L. Mil- 


Details of Main-Roof Truss ae The trusses are entirely inclosed over the ler, assistant engineer. 
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Flow of Water in Pipes 


Presentation of New Formula Based on Extensive Experiments and Its 
Application to Wood-Stave, Cast-Iron, Riveted Steel and Concrete Conduits 


By E. A. MORITZ, 
Engineer, U. S. Reclamation Service, Washington, D. C. 


HE so-called “exponential” formula, 

; with a constant coefficient for flow 

of water in pipes, is gaining an in- 

creasingly strong foothold in the 
confidence of engineers and is destined to 
replace all other methods of calculating pipe 
discharge. Although much has been added in 
recent years to our knowledge of the phenom- 
ena of flow of water in pipes, the understand- 
ing of these phenomena is still in a very im- 
perfect state. 

The matter presented in this article is not 
intended for the limited number of expe- 
rienced hydraulicians who have to deal with 
large and costly works that warrant a com- 
plete investigation before final decisions are 
made. It is tor that much larger class of 
engineers who cannot afford the time and 
money required for investigating the litera- 
ture on the subject and gathering experi- 
mental data but who want information found- 
ed on sound theory and practice. 

Experiments and investigations that have 
been made afford sufficient proof that the 
loss of head in a pipe—not including losses 
due to obstructions, curves and bends—is 
correctly expressed by a formula of the form 
H = mV*/D*, where # has a value between 
1.7 and 2 and the value of 2 is very close to 
1.25 for all kinds of pipes. It is commonly 
supposed that # increases with the roughness 
of the interior surface of the pipe. This 
may be the general law, but experiments 
have shown that pipes with apparently similar 
interior surfaces give widely different values 
of # and that pipes which are apparently 
rougher have even given lower values of + 
than smoother pipes, so that the rational selec- 
tion of a value of # to fit a given condition 
of interior surface is practically an impossi- 
bility. It will likely be a long time before 
sufficient data will have accumulated to estab- 
lish definitely this relation, and for the present 
it seems more rational to assume a fixed value 
of » which represents average conditions, as 
near as may be, and to select different values 
of m to fit the different kinds of pipe. 


Woop-StavE PIPE 


The writer recently made some extensive 
and careful experiments (see “Transactions” 
of the American Society of Civil Engineers, 
Vol. 74, page 411) on the flow of water in wood- 
stave pipe from 4 to 5534 in. in diameter. 
These tests have since been further verified by 
additional observations, from which the value 
of 1.26 was deduced for z, 1.8 for x, and 8.6 for 
m, when the diameter is expressed in inches, 
or 0.38 when expressed in feet. The equa- 
tion in the latter case is H=0.38V*/D™™, 
where H is the friction loss per 1000 ft. of 
pipe; V, the mean velocity of flow in feet per 
second; and D, the ciameter of pipe in feet. 
Solving for VY, we get 

V ent 72 ie ye ca 
and (O) iets IO a 
where Q = discharge in second-feet. 

This formula is for wood-stave pipe, either 
jointed or continuous, in good condition and 
having ordinarily regular alignment and pro- 
file. Additional allowance must be made for 
loss of head due to sharp bends or curves, 
valves or other obstructions, entry losses, etc. 
Two items that in the writer’s experience have 


been most influential in reducing the discharge 
of pipes are deposits of silt, producing a re- 
duction of cross-sectional area, and air mixed 
with the water. Unfortunately these two 
items have been given very little attention by 


In Table 1 are given the discharge and 
velocity for pipes varying from 6 to 120 in. 
in diameter for a large number of hydraulic 
slopes. If the discharge and velocity are de- 
sired for slopes not shown in the table it will 
generally be sufficiently accurate to make a 
linear interpolation between the next lower 
and next higher slope. If greater accuracy 
is desired, the quantity may be obtained by 
calculating the value of H® and multiplying 
by the value of 1.35 D*" given in the table. 
The column of values of 1.35 D*" has been 
inserted in the table for this purpose. For 
convenience a column of areas is given and 


experimenters. The remedy for silt deposits diameters are given in both feet and inches. 
Fe 155 271 0555 The writer has 
ae THEL i found a _ logarithmic 
800 Ce att diagram the most con- 
700 att A venient and _ satisfac- 
600 0f t tory means of repre- 
500 60: senting the flow of 
a I water in pipes, and the 
proposed formula 
eG 10 lends itself admirably 
ihe = to a logarithmic plot- 
as Ks & ting. The diagram 
ad Het ee Zt shown herewith, al- 
40/7 au though covering only 
abe H limited range, serves 
ai FH to express the idea. 
> i : 4 All the factors involved 
100 ae in the flow of water in 
a I a pipe can be taken 
volta Y ; a from the diagram at a 
re us glance. For instance, 
t 20 we read that a 1I6-in. 
50 %s pipe has an area of 
“40 1.4 sq. ft. and that 
5 fi 6 with a velocity of 3 ft. 
230 =| per second it will dis- 
c ih charge 4.2 sec.-ft. with 
® F a loss of head of 1.9 
£20 1 ft. per 1000-ft. length 
= of pipe. Taking the 
i problem from another 
: angle, suppose we re- 
I quire a capacity of 3 
a = ; sec.-ft, and there is 
= D y available a fall of 2 
a? ft. in 1000 ft. From 
* the bottom scale we 
ae i follow the line for 
| iH = 2 vertically to 
oA its intersection with 
|| y the horizontal line rep- 
03 resenting Q = 3. This 
point of intersection 
1 | lies almost on the 14-in. 
02 ° pipe line, showing that 
a I4-in, pipe is re- 
quired; interpolating 
between the lines for 
) velocity of 2 ft. and 
Bie 2) soe ice S) 5 oc coe iG ae 
Loss of Head inFeet per 1000 * find the velocity to be 


Diagram for the Flow of Water in Wood-Stave Pipes 


is evident, but the air problem is not so simple. 
Air-reliefs, located at summits in a pipe, do 
not give adequate help. The thing to do is to 
capture the air at the intake and prevent it 
from entering the pipe. If this is not possible, 
adequate air-reliefs should be located just be- 
low the intake, so as to minimize the amount 
of air carried through the pipe with the water. 
It is difficult to emphasize too strongly this air 
problem as affecting the flow of water in 
pipes, and it is hoped the matter will receive 
more attention in the future than it has here- 
tofore. It is not unlikely that this might ex- 
plain some of the vagaries in experiments 
which have been made. 


2.8 ft. per second. 
Thus, in whatever 
form the problem is 
presented, the essential factors—diameter, 
area, velocity, discharge and friction head— 
are always shown at a glance. This feature 
is especially serviceable for making prelimi- 
nary estimates and comparisons. 

With the aid of a slide rule, the accom- 
panying table and a sheet of logarithmic 
paper with appropriate scales a diagram of 
this kind can be made in a very short time 
for any kind of pipe and covering any de- 
sired range of diameters, velocities, discharges 
and friction losses. Both the diameter and 
velocity curves are straight lines; hence only 
two points need be plotted for each curve. If 
the logarithmic paper of the desired range 
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TABLE 1—DISCHARGE IN SECOND-FEET AND VELOCITY IN Fret PER SECOND IN Woop-STaveE Pire HAVING ORDINARILY SMOOTH ALIGNMENT AND 
ProriLe, BASED ON THE FORMULA Q=1.35 D2? {0-585 
FRICTION LOSS IN FEET PER 1000 FT. LENGTH OF PIPE=H 
Diam. Diam. Area in | 
din D, in square | 1.35 D>" 0.2 0.4 0.6 0.8 1.0 1.5 2.0 2.5 4.0 
inches feet j feet | 
| pee ES 
iy ) eo |v | o | v | Gaia Lea ho lo vs ect oe Q° ae Vv 
ee Haars 2 | Bee ee 
: 0.196 0.208 | 0.09) 0.46] 0.13] 0.66} 0.16! 0.82) 0.18] 0.92] 0.21) 1.07] 0.26 1.33] 0.31) 1.58) 0.35] 1.78] 0.38) 1.94] 0.45] 2.30 
$ 0.667 0.349 0.452 0.18} 0.52] 0.27) 0.77) 0.34] 0.97) 0.40] 1.15} 0.45) 1.29] 0.57) 1.63) 0.66; 1.89) 0.75] 2.15] 0.83) 2.38) 0.98) 2.81 
10 0.833 0.545 0.824 | 0.34] 0.62] 0.50) 0.92] 0.62) 1.14] 0.73] 1.34] 0.82) 1.50] 1.03) 1.89) 4.21); 2.22) 1.37; 2.52) 1.52) 2.79) 2.78) 3.26 
12 1.000 0.785 1,350 0.55} 0.70] 0.81] 1.03] 1.02] 1.30) 1.19] 1.52] 1.35] 1:72] 1.69 2.15) 1.98) 2.52) 2.24) 2.85) 2.48) 3.16) 2.91) 3.72 
14 1.167 1.069 2.048 0.84] 0.79] 1.23] 1.15] 1.54] 1.44] 1.81] 1.69] 2.05) 1.92: 2.56 2.39) 3.01) 2.81) -3.41) 3.19) 3.77] 3.53] 4.42) 4.13 
16 1.333 1.396 2.933 | 1.20) 0.86] 1.76] 1.26} 2.21} 1.58} 2,59) 1.85] 2.93) 2.10 eer 2.63| 4.30} 3.09} 4.88} 3.49] 5.40] 3.87] 6.33) 4.53 
is 1.500 1.767 4.034 1.65) 0.93] 2.43] 1.38]- 3.04] 1.72} 3.56} 2.01] 4.03} 2.28] 5.05} 2.86] 5.93} 3.35) 6.71) 3.80! 7.42) 4.20] 8.71/ 4.93 
20 1.667 2.181 5.365 2.20) 1.01] 3.23] 1.48] 4.04] 1.85] 4.74} 2.17] 5.37) 2.46 6.72) 3.08) 7.88) 3.61) 8.97] 4.09] 9.87) 4.52] 11.6 5.31 
22 1.833 2.640 6.932 2.84! 1.08] 4.17] 1.58] 5.22] 1.98] 6.42) 2.32) 6.93) 2.62) 8768) > 3.29| 10°2 3.86 11.5 4,37| 12.8 4.83] 15.0 5.67 
24 2.000 3.142 8.772 3.59; 1.14] 5.28] 1.68] 6.61] 2.10] 7:75] 2.47] 8.77] 2.79] 11.0 3.50; 12.9 4.10) 14.6 4.64/ 16.1 5.14] 18.9 6.02 
26 2.167 3.687 10.89 | 4.46) 1.21] 6.55] 1.78] 8.20] 2.22] 9.62] 2.61) 10.9 2.95} 13.6 3.70) 16.0 4.34, 18.1 4.91) 20.0 5.44] 23.5 6.38 
28 2.333 4.276 13.30 | 5.44) 1.27} 8.00} 1.87) 10.0 2.34] 11.8 PTS 43-3 3.11] 16.7 3.90] 19.5 4.57) 22.1 5.18} 24.5 5.72] 28.7 6.72 
30 2.500 4.909 16.02 | 6.57) 1.34] 9.65] 1.96] 12.1 2.46) 14.2 2.89} 16.0 3.27] 20.1 4.09} 23.6 4.80) 26.7 5.43] 29.5 6.01] 34.6 7.06 
32 2.667 5.585 19.08 | 7.81] 1.40] 11.5 2.05] 14.4 | 2.57] 16.9 3.02! 19.1 3.42| 23.9 4.28) 28.0 5.02) 31.7 5.68) 35.1 6.29} 41.2 7.37 
34 2.833 6.305 22.46 9.19) 1.46] 13.5 2.14] 16.9 | 2.68| 19.8 Sel S25 3.56] 28.1 4.46) 33.0 5.24 37.4 5.92] 41.3 6.55| 48.5 7.69 
36 3.000 7.069 26.22 10.7 1.52} 15.8 2.23] 19.8 | 2.80) 23.2 3.28] 26.2 3.71} 32.8 4.65] 38.5 5.45; 43.6 | 6.17} 48.2 6.82| 56.6 | 8.00 
38 3.167 7.876 30.35 | 12.4 1.58} 18.2 2.32} 22.9 | 2.90} 26.8 3.40] 30.4 3.85] 38.0 4.83)| 44.6 5.66) 50.5 6.41] 55.8 7.10] 65.5 8.32 
40 3.333 8.727 34.83 | 14.3 1.63] 21.0 2.40} 26.2 | 3.01) 30.8 3.53} 34.8 3.99} 43.6 5.00} 51.2 5.88) 57.9 6.64} 64.1 7,35} 75.2 8.62 
42 3.500 9.621 39.75 16.3 1.69] 23.9 2.49] 29.9 | 3.11] 35.1 3.65} 39.8 4.13] 49.8 | 5.18] 58.4 | 6.07] 66.1 6.87} 73.1 7.60] 85.8 8.92 
44 3.667 | 10.56 45.08 18.4 PERS DTV AcoT S200) S21 | S9ee 3.77) 45.1 4.27| 56.5 5.35 | 66.2 6.27) 75.0 7.10] 82.9 7.85| 97.3 9.20 
46 3.833 | 11.54 50.80 20.8 1.80) 30.6 2.65] 38.3 | 3.31}. 44.9 3.89} 50.8 4.40| 63.6 5.51] 74.6 6.47) 84.5 FLOSS 8.10 /110 9.51 
48 4.000 | 12.57 57.00 | 23.3 1.86} 34.3 2.73) 42.9 | 3.41) 50.4 4.00} 57.0 4.53| 71.4 5.68} 83.7 6.66 94.8 7.54 |105 8.34123 9.79 
50 4.167 | 13.64 63.66 26.1 1.91] 38.3 2.80) 47.9 | 3.51} 56.2 4.12] 63.7 4.67} 79.7 5.84] 93.5 | 6.85] 106 7.76117 8.59 137 10.1 
52 4.333 | 14.75 70.74 29.0 | 1.96] 42.5 2.88} 53.3 3.61) 62.5 4.24) 70.7 4.79! 88.6 6.00 |104 7.05) 118 7.98 |130 8.83 |153 10.4 
54 4.500 | 15.90 i) 9785340 sisaed 2.02} 47.1 2.96} 59.0 3.71| 69.2 4.35) 78.3 4,92] 98.1 6.16115 7.24130 8.20 144 9.07 169 10.6 
56 4.667 17.10 ; 86.45 | 35.4 2.07] 52.0 3.04/ 65.1 | 3.81) 76.4 4.46] 86.4 5.05 |108 6.33 127 7.43) 144 8.41159 9.30 |187 10.9 
58 4.833 | 18.35 95.00 | 38.9 | 2.12] 57.1 Sea SoS. 9 4.57)| 95.0 5.18/119 | 6.48 /140 7.61 158 8.61175 9.54 |205 11.2 
60 5.0 | 19.64 104.1 | 42.6 2.17] 62.6 | 3.19] 78.4 | 3.5 8 4.68 104 5.30130 6.64 [153 7.79|173 8.82 [192 9.76 [225 11.4 
6o 5.5 | 23.76 134.7 | 55.1 2.32] 81.0 3.41101 | 4. 5.01 (135 5.67 |169 7.10 /198 8.33) 224 9.34248 10.4 291 12.2 
72 6.0 28.27 170.3 69.7 2.46 |102 3.62 128 eRe 5.32 /170 6.02 (213 7.55 250 8.85) 283 10.0 $13 1 be i | 
78 6.5 33.18 | 211.4 | 86.5 2.61 [127 | 3.83159 4. 5.63 211 6.37 265 7.98 811 9.36) 352 10.6 889 ue eed 
84 7.0 4 | 38.48) | 925853). 106) () (2075|0S5 | 4.04 ]195° |). <5. 5.93 258 6.71323 8.41 B79 9.86, 430 11.2 475 12.4 
90 15 44.18 311.2 (27 2.88 |187 4.24234 3.3 6.22 B11 7.04390 8.82 457 | 10.4 |517 ato? 
96 8.0 50.26 370.4 152 3.02 (223 | 4.43 279 te 6.51370 | 7.37464 | 9.23/544 10.8 |616 12.2 
102 8.5 56.74 436.3 179 3.15 262 | 4.63 329 a 6.80 436 7.69 546 9.63 641 11-3 
108 P= 49-0 63.62 509.0 208 3.28 306 4.81 383 6. 7.07 509 8.00 637 | 10.0 |748 | 11.8 
114 9.5 | 70.88 589.2 241 3.40 354 5.00 444 6.2 7.34589 8.31738 10.4 866 12.2 
120 | 10.0 | 78.54 676.6 27 EEL 5.18 510 | 6. 7.61677 8,62 847 10.8 | 
| i ' | t 
} 
FRICTION LOSS IN FEET PER 1000 FT. LENGTH OF PIPE=H 
Diam Diam. Area in P: E 
din D, in square 1.35 D?7 | i 
inches feet feet 5.0 6.0 7.0 8.0 9.0 10 S35 20 2s 30 
| 
/ | | 
Q Us Q ils Q Via Caines OF Oey Q 4 Q Vi Q V Q V Q V 
| | | 
6 0.500 0.196 0.208 | 0.51} 2.60] 0.56) 2.86] 0.61) 3.11! 0.66| 3.37| 0.70] 3.57] 0.75] 3.821 0.93| 4.74] 1.101 5.61] 1.24! 6.33 1.37) 6.99 
8 | 0.667 0.349 0.452 PeaGh otadole see! 3.50) 2.33)! 3:81 1.43} 4.10} 1.53) 4.39] 1.62] 4.64 2.03) 5.82). 2.38) 6/82) 2.70) 7:74) .2.98)) 8.54 
10 0.833 0.545 0.824 2.01; 3.69; 2.23) 4.09) 2.43) 4.46) 2.61) 4.79] 2.79) 5.12) 2.96) 5.43] 3.70! 6.79] 4.35) 7.98] 4.92) 9.08] 5.44) 9.98 
12 1.000 | 0.785 1.350 3.30) 4.20) 3.65) 4.65) 3.98) 5.07| 4.28) 5.45) 4.57) 5.82] 4.85) 6.18] 6.07} 7.73] 7.12] 9.07] 8.06) 10.3 8.92) 11.4 
14 1.167 { 1.069 2.048 5.00) 4.67) 5.54) 5.18) 6.03) 5.64) 6.49) 6.07! 6.93) 6.48] 7.35] 6.87) 9.21} 8.61}10.8 | 10.1 | 12.2 | 11.4 | 13.59) 12.6 
16 1.333 | 1.396 2.933 7.17) 5.14] 7.93) 5.68| 8.64) 6.19] 9.30) 6.66} 9.93) 7.11] 10.5 7.54) 13.2 9.44/35 Saat Aedes 
18 1.500 | 1.767 4.034 9.86 5.58) 10.9 | 6.17) 11.9 6.72) 12°83 ip teases 7.73).14.5 | 8-20) 18.15) 2002 21s es 220 
20 1.667 | 2.181 5.365 | 13.1 6.01) 14.5 | 6.65) 15.8 7.24) 17.0 7.80) 18.2 | 8.33] 19.3 | 8.83) 24.1 | 11.0 
ze 1.833 2.640 6.932 | 16.9 6.41) 18.7 7.10) 20.4 7.73| 22.0 | 8.33 23.5 8.89} 24.9 9.42) 31.2 | 11.8 
24 2.000 | 3.142 8.772 | 21.4 6.82) 23.7 Wao | 25.5 8.22) 27.8 | 8.85) 29.7 | 9.45] 31.5 | 10.0] 39.4 | 12.6 
26 2.167 |. 3.687 10.89 26.6 | 7.22) 29.4 | ~ 7.99} 32.1 8.70} 34.5 | 9.36] 36.9 | 10.0 | 39.1 | 10.6 
28 2.333 4.276 13.30 32.5 7.60 36.0 8.41} 39.2 9.16) 42.2 | 9.87] 45.0 | 10.5 | 47.7 | 11.2 
30 2.500 4.909 16.02 39.1 | 7.98) 43.3 8.83 | 47.2 9.62) 50.8 | 10.4 , 54.2 | 11.0 | 57.5 | 11.7 
32 2.667 5.585 19.08 46.6 | 8.35)51.6 | 9.24) 56.2 | 10.0 | 60.5 | 10.8 | 64.6 | 11.6 | 68.5 | 12.3 
34 | (22833 6.305 22.46 54.9 8.71) 60.7 9.63} 66.1 | 10.5 | 71.2 | 11.3 | 76.0 | 12.0 | 
36 3.000 7.069 26.22 | 64.1 | 9.06] 70.9 | 10.0 | 77.2 | 10.9 | 83:2 | 11.8 
38 | 3.167 7.876 30.35 75.2 9.42) 82.0 | 10.4 | 89.4 | 11.3 | 96.2 | 2. 2st 
40 | 3.333 8.727 34.83 85.1 | 9.75) 94.2 | 10.8 |103 11.8 
42 |. (S5000) | LOROsG zs 39.75 97.1 | 10.1 107 11.2 |117 12.2 | | 
as | 3.667 10.56 45.08 /|110 |} 10.4 122 aS | | 
AG. -|\ e833 11.54 50.80 |124 10.8 137 11.9 | | | 
48 | 4.000 12-57 57.00 |139 fa 4: $2.2 =} 
50 4.167 13.64 63.66 |156 | 11.4 | 
52 4.333 14.75 70.74 4173 1 807 | 
54 | 4.500 15.90 78.34 |191 . 12.0 | | 


cannot be purchased, it can readily be made, 
with the aid of a table of logarithms, or, 
better still, the graduations may be trans- 
ferred from the scales of a common slide rule. 


Cast-Iron PIPE 


More tests have probably been made on 
cast-iron pipe than on any other kind, and 
many formule have been proposed as repre- 
senting the law of flow therein. Some of 
these formule are tabulated in Table 2, which 
shows the relative discharge obtained by the 
use of each formula when V is 3 ft. per 
second. A portion of this table was taken 
from “Proceedings” of the Institute of Civil 
Engineers, Vol. 153. For the sake of stand- 
ardization, the equivalent discharge coefficients 
in the formula V = c./RS have been calcu- 
lated for each formula, and the values given 
in the table represent the relative discharging 
ability of each pipe per unit of area accord- 
ing to each formula. To illustrate: The Hawks- 
ley formula, No. 5, gives the same discharge 
as the Lampe formula, No. 14, for a 3-in. 


pipe, but for a 48-in. pipe the ratio of dis- 
charges obtained by the two formule is 
96/136, the Lampe formula having a discharg- 
ing ability about 42 per cent higher than the 
Hawksley formula. For any other velocity 
than 3 ft. per second these figures would be 
slightly different, the velocity of 3 having 
been chosen as representing a common value 
In practice. 

By no means are all the formule that have 
been proposed for the flow of water in pipes 
given in Table 2, but a sufficient number are 
shown to illustrate the great variety there is 
to choose from. The relative results ob- 
tained by the use of the different formule 
are well illustrated. Many of these have been 
discarded in modern practice, and it is well 
known that such formule as Eytelwein’s, 
Hawksley’s, Neville’s, Prony’s and Weisbach’s 
are contrary to established facts in that the 
discharging ability per unit of area is inde- 
pendent of the diameter. The Kutter co- 
efficients as applied to pipes have also been 
generally discarded. 


A considerable degree of agreement is nota- 
ble in the results from the last six formule. 
The Williams formula is proposed by Gardner 
S. Williams in the “American Civil Engineers’ 
Pocketbook.” An error was apparently made 
in reducing the formula given in the hand- 
book, and the coefficient does not agree with 
that in the above table, which was calculated 
independently. Smith has probably made the 
most thorough investigation of flow of water 
in cast-iron pipes, especially in sizes more 
than 1 ft. in diameter, and his coefficients are 
generally accorded considerable weight. The 
use of these coefficients, however, is a cumber- 
some process, and the writer proposes the 
formula Q = 1.31 D*"H"*, which entirely 
avoids the use of a table of coefficients and 
gives results practically identical with Smith’s 
coefficients. To illustrate the relation between 
the results obtained by the two methods, 
Table 3 has been prepared. It will be noted 
that the maximum variation from Smith’s co- 
efficients, shown in the table, is about 4 per 
cent for a 1-ft. pipe and-a velocity of ro ft., 
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TABLE 2—DISCHARGE COEFFICIENTS ¢ FOR VARIOUS FOoRMUL2 REDUCED TO THE Form V=c./RS, WHEN V=3 FT. PER SECOND 


DIAMETER OF PIPE 


—-—. 
Author 3 in. 6in. | 12 in. | 


18 ia. | 24in. 


PAA a ratarsta eels 92,2 >|) 140276) 125.3 }:131.7 | 135. 


2 |\Crimp and Bruges.| 78.1 87.7 98.4 | 105.3 | 110. 


Ga | DOALCW gion ieee =i 98.5 | 105.3 | 109.3 | 110.7 | 111. 


6. S| Karttetan sists. + 57.8 69.6 85.3 94.4 | 101. 


7 plGawiord) rcs, s.. see 70.0 86.0 | 105.5 | 117.5 | 123. 
Bs Nevilles eet ae 104.1 | 104.1 | 104.1 | 104.1 | 104.1 

ELONY siete ocla'els rey 94.5 94.5 94.5 94.5 94. 

£0" DS Uasvittics)p ssc 100.1 | 104.6 | 109.4 | 112.2 | 114. 


Li) S Weisbach... a1. 7 | 103.0 | 103.0 | 103.0 | 103.0 | 103. 


12) VIStaiiD fotos 46 Honea sea heed os 109 116 121 
| 

$3: |Hannitig so... :2.% 98 102 106 111 116 
1 

PAS WEANIDS Sos pcrecececels & 96 104 114 121 125 

15 |Flamant......... 99 106 113 118 122 

16 |Williams......... | 93 | 101 | 110 | 116 | 120 

Aa Worttze + 6 eles 4s | 93 102 112 119 122 


Eytelwein........ 103.8 | 103.8 | 103.8 | 103.8 | 103. 
Hawksley........ 96.0 96.0 96.0 96.0 96. 


| 22S D* \/n 
115.9 | 117.3 | 118.4 | 119.4 v-(——) 


1 
0.017155 


103.0 | 103.0 | 103.0 | 103.0 |V= 


SV 
125 128 131 134 |\V=e,/RS 
2gDS % 
131 |\V= (——) 
4f 
129 132 134 136 V=77.68 D9-694 S0-555 


125 126 128 129 
old pipes new 


|\V=67.7 D0-668 S0-535 
1V=77 D7 S0-555 


123 126 129 131 
125 128 130 132 


2.88450 —————— 


30 in. | 36in. | 42in. | 48in. Formule 
4 RS % 
137.5} 139.1 | 140.3.| 141.4 0.0984 
0.0000457 (14 ) 
R 
114.7 | 118.2 | 121.3 | 124.0 |V=1.24 R% S¥% 0.000005205 
0.00101824———___—_ 
2gRS \% 00003992 He D2 
V= | 3-( 0.004346+— ) - 
11059) |, 142-2: | 11255; 1126 48 i D V 
103.8 | 103.8 | 103.8 | 103.8 |V=(11704 RS+0.01698) !/2—0.1303 
96.0 96.0 96.0 96.0 |V=48 (DS)% 
1.811 0.00281 
41.6+ aS 
n a os 
106.0 | 110.1 | 113.4 | 116.5 |V= ARS n=0.013 
0.00281 n 
14-(41.6+-——) = 
VSR 
127.0 | 130.8 | 134.5 | 138.3 |V=cwRS. ¢ obtained from experiments. 
104.1 | 104.1 | 104.1 | 104.1 |V=140,/RS—11 ¥RS_ 


94.5 94.5 94.5 94.5 |\V=(9419.7 RS+0.00665)!/2—0.0816 


M=0.0215 to 0.0440 
n=1.72 to 2.00 
x=1.10 to 1.39 


ae) 
w\ 


2gDS 


¢ obtained from experiments. 


f obtained from experiments. 


|7=(76.28 to 86.38) D3/7 $4/7 


and for the usual diameters and velocities 
met with in practice the difference is less 
than 2 per cent, a negligible quantity from a 
practical standpoint. 

‘This formula differs from that for wood- 
stave pipe only in the constant coefficient, 
this for the former being 1.35 and for the 
latter 1.31. The velocity and discharge for 
cast-iron pipe may, therefore, be obtained 
from the table for wood pipe by multiplying 
the figures therein by 1.31/1.35 =0.97. This 
formula is for new cast-iron pipe with smooth 
alignment and profile. Additional allowance 
must be made for other than friction losses. 

It is generally desirable to make allowances 
for the deterioration of cast-iron pipe with 
age. For this purpose we may assume that 
the friction head increases 3 per cent per 
year due to tuberculation, and that the diam- 
eter decreases 0.01 in. per year from the same 
cause. These assumptions are made in Wil- 
liams and Hazen’s “Hydraulic Tables.” Ap- 
plying these factors to the equation Q = 1.31 
D>" H’**, and letting K equal ratio of dis- 
charge at age of N years to discharge new, 
we get K = [1—WN/1200D]*"& [1/(1+ 
0.03 V)]°"". Thus from this equation we 
learn that a 12-in. pipe Io years old will carry 
85 per cent as much as the same pipe new, 
and at the age of 100 years it will carry only 
36 per cent. 


RIvETED STEEL PIPE 


Expériments on riveted steel pipes are too 
few and inconsistent to give an indication of 
the law of flow. Such experiments as have 
been made were on pipes having very different 
conditions of interior surface, and the results 
obtained have been very discordant. There 
is no good reason for assuming that the law 


of flow is any different than for cast-iron 
pipe except that the friction losses generally 
run somewhat higher and the discharges cor- 
respondingly lower. The writer has adopted 
the formula Q = 1.18D*' H*™, which gives 
results about Io per cent smaller than the 
formula for cast-iron pipe. This agrees as 
well with experiments as can be expected 
from any formula. It is intended to be used 
only for new asphalted pipe having a smooth 
alignment and profile. If it is intended to 
allow for deterioration with age, and no bet- 
ter information is available, the formula for 
decrease in carrying capacity given above may 
be used. The discharges and velocities for 
riveted steel pipes may be obtained from 
Table 1 by multiplying the figures therein by 
1.18/1.35 = 0.875. 

Concrete pipe is manufactured in various 
ways and by different methods. We have the 
dry-mix pipe, built in short. sections and laid 


and jointed in a similar manner to clay sewer 
pipe, and the wet-mix pipe, either built and 
laid in short sections as aforementioned or 
built continuously in the trench. In the for- 
mer case there is bound to be more or less 
roughness at the joints, with possible jogs in 
the alignment, while in the latter the con- 
tinuity is unbroken and better alignment may 
be obtained. The discharging ability of the 
continuous pipe is probably as high as that of 
wood-stave pipe, while the wet-mix jointed 
pipe may better be classed with cast-iron pipe. 
The dry-mix pipe has a considerably rougher 
surface than the wet mix, and on account of 
the short sections (usually 2 ft.) in which it 
is built its discharging ability is probably not 
greater than that of riveted steel pipe, even 
if it is carefully laid and jointed; if it is not 
properly laid its carrying capacity may be 
considerably less. 

The writer has knowledge of only one set 


Taste 3—COMPARISON OF FORMULA Q=1.31 D2-7 770-558 


Wit SMitH’S CorEFFICIENTS FOR New Cast-Iron PIPE 


IN THE FormuLa Q=Ac\/RS- 


VELOCITY IN FEET PER SECOND 


4 5 10 


Diam. 
in 2 3 
£i, 
Smith | Moritz | Ratio [Smith | Moritz | Ratio Smith 
1.0 104 107.5 |1.029} 109 111.8 |1.026} 112 
1.5 111 113.5 |1.022| 116 118.7 | 1.023! 119 
2.0 116 116.8 | 1.007] 121 121.8 |1.007| 124 
2.5 120 120.8 |1.007| 125 125.3 |1.002} 128 
3.0 124 123.0 |0.992) 128 127.7 {0.998} 132 
3.5 127 126.5 |0.996| 131 130.3 |0.995| 135 
4.0 130 128.6 |0.990) 134 132.3 |0.988| 137 
5.0 134 132.3 |0.988| 139 137.8 |0.992| 142 
6.0 138 135.3 |0.981! 142 141.0 |0.993| 146 
7.0 141 138.3 |0.980) 145 143.8 |0.992} 148 
8.0 143 140.5 |0.983| 148 146.4 |0.990| 151 


| | 

Moritz | Ratio |Smith | Moritz | Ratio [Smith | Moritz | Ratio 
| 

115.0 |1.027]| 114 118.3 |1.038! 121 126.0 | 1.041 
12984 Ae Ost y toe 124.7 |1.030; 129 132.7 | 1.028 
124.3 |}1.002|) 127 | 127.3 |1.002| 135 138.0 | 1.022 
127.4 |0.996| 131 130.8 | 0.999 | 137 141.8 | 1.035 
130.7 |0.991| 134 135.2 | 1.009, 143 145.3 | 1.016 
132.9 | 0.985 | 137 138.0 |1.016| 146 148.5 | 1.017 
136.8 |0.999| 140 140.4 1.002; 150 | 152.0 | 1.013 
141.9 |1.000) 145 144.9 }1.000|} 155 | 155.0 | 1.000 
145.0 |0.994]| 148 | 148.5 11.003] .... | ..... ee & 
S45 Or 12 POO |S SSE 858.5) ) E0002 We inn mis ore nce 
150.6 |0.998 | 153 | 154.1 |1.007| .... Spree Hi paste 

| | | 
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of experiments made on the flow in concrete 
pipe. These were made on pipes of 46, 30 
and 16 in. diameter, the 46 and 30-in. pipes 
being jointed and manufactured with a wet 
mix, while the 16-in. pipes were jointed pipes 
manufactured with a dry mix. The former 
may, therefo1e, be classed with cast-iron pipe 
and the latter with riveted steel pipe. 

Table 4 shows how the experimental re- 
sults compare with the results obtained from 
the formule. The difference in the 46 and 
30-in. pipes may readily be attributed to ex- 
perimental errors and the presence of silt 
deposits. The methods used in making the 
experiments were such that an error of 5 per 
cent in the results of a single experiment may 
readily have occurred. The 16-in. pipes show 
a large disagreement between expcrimental 
and calculated values, but the disagreement is 
hardly greater than that shown in the indi- 


TaBLE 4—COMPARISON OF FORMUL# WITH EXPERIMENTS 
ON CONCRETE PIPES 


Velocity | Discharge, | Discharge 
Diam. in feet experi- | Q=1.31 
in | Slope per mental, | D?*7 10555) Ratio 
inches | second | in secoad- | in second- 
| feet feet 
cs gees 
46 |0.00087| 4.00 46.15 45.5 | 0.986 
46 {0.00078 3.98 45.90 42.9 0.935 
46 | 0.00108 4.17 48.16 5152 1.053 
46 | 0.00102 4.21 48.59 49.9 1.027 
| Average) 1.000 
30 (y 00107 3.61 17.70 16.2 | 0.916 
30 0..00105 3.39 | 16.62 16.0 | 0.963 
30 | 0.00105 3.47 | 17.04 16.0 0.939 
30 | 0.00086 2.73 13.38 14.6 | 1.090 
| eaeeaee 
Average| 0.977 
Q=1.18 
D2:7 19555 
16 | 0.0038 2.68 3.74 5.84 1.561 
16 0.0045 3.49 4.87 6.42 | 1.318 
16 |0 0019 2.45 3.42 3.92 1.145 
| coed 
Average! 1.341 


vidual experiments themselves, which points 
strongly to some abnormal condition in the 
pipes. For example, the discharge of the first 
16-in. pipe is very little greater than that of 
the third pipe, which has only half the fall. 
The most probable explanation is that large 
deposits of silt have lodged in the pipes, due 
to the comparatively low velocities. It is, of 
course, impossible to provide for this condi- 
tion in the design. 


Mains to Annexed Districts of 
Los Angeles 


The conditions under which outlying sec- 
tions may be annexed to Los Angeles and sup- 
plied with Owens River water were adopted 
by the Municipal Annexation Commission 
Nov. 7. No section may be supplied with 
water unless it be annexed, when it shall bear 
its share of the aqueduct, power and harbor 
bonds, but not of the remainder of the city’s 
indebtedness. Remote annexed districts may 
have local public-works boards to act under 
the direction of the central board. Agricul- 
tural sections will be remitted 60 per cent of 
their general taxes to constitute a road and 
improvement fund; to offset this privilege 
such aids as parks, playgrounds, garbage col- 
lections and, to a large extent, expenses for 
fire and police protection will not be afforded. 
The light and power system is to be extended 
to the new sections, as is connection to the 
new outfall sewer to the sea. 


Tue First Pie for the foundations of the 
educational buildings of the new Technology 
at Cambridge, Mass., was driven on Dec. 4 
and the first shipment of steel reinforcement 
was received Dec. 5. 


Ron eA eR =D 


Voi. 68, No. 24 


Drilling as a Test for Concrete 


Log of Experiments to Determine Relation between Com- 
pressive Strength and Speed of Boring in Concrete 


By C, S. DUKE, C.E. 
Madison, Wis. 


HE investigation described in this ar- 
ticle was undertaken in order to de- 
termine the relation between the 
compressive strength and speed of 

drilling of concrete when the personal 
element is eliminated. It was carried on as 
thesis work at the University of Wisconsin 
and was prompted by a controversy which 
arose over the quality of concrete in the 
Southwest Land and Lake Tunnel, Chicago. 
In order to determine the quality, holes were 
drilled by hand in the concrete lining. The 
writer disagreed with the conclusions and, 
therefore, undertook these tests. The record 
of a portion of the hand-drilling tests is shown 
in Fig. 3. 

The compressive tests were performed in 
accordance with the rules at the testing labo- 
ratory of the University of Wisconsin. The 
specimens upon which the compression tests 
were made were cylinders about 6 in. in diam- 


, 
g ay) 
Fig, 1—Arrangement for Constant Feed 
Pressure 


eter and 18 in. long. These specimens were 
made from the same materials and in the 
same manner as in’the case of the boring 
specimens. Al! specimens were broken in a 
100,000-lb. Riehle testing machine. 


SPECIFICATIONS FOR Dritt Tests 


Object.—The purpose of this experiment is 
to determine the speed of boring through con- 
crete by mechanical means, when the per- 
sonal element is eliminated. The ultimate 
object is to discover the relationship, if any, 
between the compressive strength of different 
kinds of concrete and the speed with which 
it can be bored. . This line of experimentation 
is warranted, first, because of the fact that 
concrete tunnel linings are sometimes exam- 
ined both as to the quality of the concrete 
and the depth of the lining by boring, and, 
second, because, as concrete is frequently used 


both in temporary and permanent building 
construction, 1t becomes necessary at times to 
wreck such structures, and in so doing boring 
is resorted to. 


Apparatus —In making complete tests two 
sets of apparatus shall be used. The first set 
is to be used in the compression tests and 
the second in the boring tests. The compres- 
sion tests are to be performed in accordance 
with the standard specifications in use at the 
mechanical laboratory of the University of 
Wisconsin, and will not be discussed here. 
The boring tests will be made with the use 
of the Fort Wayne Electric Company’s rock 
drill, type A, from which the ordinary hand 
feed is removed and an automatic feed with 
a weight substituted. There shall be suitable 
apparatus or means for maintaining the speci- 
men in a rigidly fixed position with respect to 
the drill. Drill steels shall be of 1 7/16-in. 
diameter and sharp, as are usually employed 
in ordinary drill practice. No water shall be 
poured into drill hole to accelerate the boring 
speed. 

Method of Test—The drill shall be set up 
firmly, and thoroughly inspected to insure its 
good and efficient working order before any 
specimens are tested. The feed pressure in 
all the tests shall be about 70 lb. During the 
boring each drill shall be inspected from time 
to time, and it shall be replaced by a sharper 
one when it begins to grow dull. The boring 
shall proceed through periods of time as con- 
ditions shall dictate, and at approximately 
860 r.p.m. 

Data—tThe data required will be the depth 
of each hole, the time, the total number of 
revolutions, the materials of which the con- 
crete is made, their proportion, as well as the 
unit stress in compression for each specimen. 

General.—In standardizing the methods of 
boring in these experiments conditions as near 
as those met with in actual rock drill work as 
possible are sought after, so that the result 
may be applicable to the ordinary cases of 
rock or concrete drilling as conducted at the 
present time. 


Test PIECES 


There were two kinds of specimens used. 
The first had been used in permeability tests 
made at the university. They had the gen- 
eral shape of a truncated cone, 20 in. in diam- 


Fig. 2—Boring Apparatus Showing Method of Securing Test Specimen 
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eter at the base and 18 in. at the top. The 
height was 9 in. For the purpose of conduct- 
ing the permeability tests, bottomless cast- 
iron jars, 16 in. in diameter, had been em- 
bedded in the concrete. 

The other specimens were also in the shape 
of truncated cones with 20 and 18-in. diam- 
eter end areas: There were three of these, 
two 8 in. and one 6 in. high. The stone used 
was Niagara limestone taken from the marine 
section of the Southwest Land and Lake Tun- 
nel in Chicago. 


Dritt AnD Moror 


An electric rock drill manufactured by the 
Fort Wayne Company, of Madison, Wis., 
was used. It is known as type A, form 1, 
size 10, serial number 154. The motor for 
driving the drill was a d.c., 115-volt, 21-amp, 
4-pole, compound-wound, 25-hp machine of 
2200 r.p.m. It is known as type D, form C, 
serial number 32,455. The feed screw was 
removed from the drill so that it could slide 
freely in the guides, which were oiled so as to 
reduce the friction as much as possible. The 
description will be made clearer by reference 
to Figs. 1 and 2. 

The feed pressure was supplied by a system 
of pulleys and weights. Referring to Fig. 2, 


43 at 5 Minutes each 
129 at 10 Minutes each 
165 at 15 Minutes each 
134 at 20 Minutes each 
84 at 25 Minutes each 
56 at 30 Minutes each 

25 at 35 Minutes each 

/5 at 40 Minutes each 

5 at 45 Minutes each 
4 at 50 Minutes each 


Holes 12" to 13" deep in Concrete 


Fig. 3—Record of Hand-Drilled Holes 


Bit 


A and B represent the pulleys, C the spring 
balance, and D represents the weight. The 
drill was mounted on an extra-heavy tripod. 
The points of the legs of the tripod were fixed 
in small depressions made in the concrete 
floor. A chain was passed over the upper part 
and fastened by a turnbuckle to an anchor 
concreted into the floor. Before fastening the 
tripod its upper surface was put in a hori- 
zontal plane by the use of a spirit level. 

The specimen was held firmly in the jaws 
of a large hydraulic testing machine. In or- 
der to secure a firm bedding, 6-in. timbers 
were hollowed out to the curvature of the 
specimen, and with other blocking placed in 
between the jaws of the machine and the 
specimen. 

On an average one sharp drill was used for 
each new specimen. The motor was served 
with 115 volts and the current was recorded 
by an ammeter. 


FEED PRESSURE 


In order to determine the net feed pressure 
transmitted to the specimen, another tripod 
(Fig. 1) was set 4% ft. to the rear of the 
machine and in line with it and the specimen. 
Another spring balance was fastened between 
the drill and the second tripod by a thin wire 
rope. This rope was placed as near as pos- 
sible in the same horizontal line as that de- 
scribed by the center of gravity of the drill as 
it moved in its guides. The machine was put 
in operation, and after a number of trials the 
two spring balances were found to read prac- 
tically the same. 

Normally, -the drill makes 860 r.p.m. This 
was tested and it was found that the speed 
was not quite constant. It was therefore de- 
cided to take the total number of revolutions 
for the drilling of each hole. The time was 
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taken by a stop watch and the revolutions 
from the shaft of the revolving helves. The 
drill was struck two blows, one by each ham- 
mer for each revolution. 


DRILLING 


Before beginning the drilling of each hole 
a slight depression was made so that, when 
starting, the drill would be held in one place. 
Preparatory to drilling the machine was 
moved back until the steel was about 4 in. 
from the concrete. The drill was then 
started revolving and allowed to approach the 
concrete at a moderate speed. When the drill 
touched the concrete an assistant gave the 
signal, and from that instant time and revo- 
lutions were recorded. Two marks had been 


were also occasional slight vibrations of the 
specimen, 

3. There was undoubtedly some difference 
in the sharpness of even new drills. 

4. Each drill grew duller as the boring 
progressed. The rate at which different drills 
grew duller varied. 

5. Despite these facts, however, it would 
appear that, all things being equal, the rate of 
boring concrete would, in a general way, vary 
inversely as the compressive strength. 

In view of the wide variation in results it is 
believed that the conclusions drawn from Fig. 
3 are somewhat misleading. The report in 
which these conclusions were drawn states: 
“After the drillers had completed the holes in 
Drift 20 they had become quite expert and 


Boring Data Giving THE RESULTS oF TeESTS 


Excavation 
Total Total Depth per min., 
revolutions time, sec. R.p.m. drilled, in. cu. in. 
348 24.8 845 3.25 12.80 
409 28.8 853 3.31 11.20 
513 36.8 838 4.12 10.90 
476 32.8 872 3.94 11.70 
420 26.4 960 3.50 11.80 
420 20.8 887 3.50 15.00 
320 via ne 2.87 mien 
es 19.8 Sa a6 HAS 
376 26.2 860 4.37 14.90 
315 21.5 870 3.44 14.25 
325 22.5 867 3.06 12.15 
295 20.6 860 3.06 8.94 
stale 22.5 me 5.00 23.60 
CO 14.0 sie ave sor 
Be 18.8 35 3.75 21.10 
248 18.0 832 3.81 18.85 
264 16.8 945 3.81 20.20 
285 21.2 806 4.37 18.40 
247 17.2 855 4.19 14.60 
251 17.4 865 3.87 13.40 
281 21.4 788 3.50 9.81 
244 17.2 853 3.25 16.80 
acy ee ap 6.00 Sas 
268 16.6 970 3.00 16.10 
296 18.5 960 3.87 18.70 
315 21.4 884 4.00 11.20 
379 25.4 895 3.81 13.40 
486 33.2 880 4.18 12.30 
528 35.8 887 4.18 11.40 
564 40.2 892 4.62 11.20 
552 37.8 880 4.18 10.80 
630 44.0 860 4.75 11.50 
525 36.0 875 4.50 13.20 
ode 39.0 Dee Dil, 12.50 
515 34.6 895 4.12 11.70 
570 40.0 855 4.12 10.00 
622 42.2 880 4.53 9.75 
726 50.0 872 4.62 9.00 
751 43.0 850 4.19 9.50 
320 21.6 £90 2.31 10.40 
250 17.4 860 1.81 10.10 
312 20.6 910 2.06 9.75 
248 16.8 886 1.81 10.50 
1396 98.6 850 14.81 14.65 
1542 106.6 865 13.81 12.70 
1635 111.2 860 14.12 12.40 
ols 79.8 wale 10.31 12.60 
1542 106.2 870 15.18 13.90 
1070 73.8 870 11.12 14.70 


The net feed pressure was 68 lb., except for }, where it was 51 lb. 
stone were used, except for the six last tests, where Niagara limestone was used. J ¢ 
All drills used were 17/16 in., except in those places where ¢ occurs, where 13€ in, drills 


was used for all tests. 
were used. 


Excavation 


per blow, Remarks 
cu. in. 
0.00758 Parts by volume, 1:1.3.7:3.30; parts by 
0.00656 weight, 1:1.25:3.75; age, 118 days; 
0.00650 compression, 2195 Ib. per sq. in.; age 
0.00672 of compression specimen, 30 days. 
0.00615 
0.00845 
ares Parts by volume, 1:2.48:2.40; parts by 
sere weight, 1:2.25:2.75; age, 104 days; 
0.00865 compression, 2895 lb. per sq. in.; age 
0.00820 of compression specimen, 30 days. 
0.00700 
0.00518 
Parts by volume, 1:3.30:5.27; parts by 
eae, weight, 1:3:6; age, 88 days; *age, 
*0.01145 89 days; compression, 1220 Ib. per 
*0.01740 sq. in.; age of compression specimen, 
*0.01141 60 days. 
*0.00854 
0.00775 
0.00623 
0.00984 Parts by volume, 1:3.30:5.27; parts by 
ven weight, 1:3:6; age, 90 days; com- 
0.00830 pression, 1220 lb. per sq. in.; age of 
0.00974 compression specimen, 60 days. 
0.00635 
0.00750 
Parts by volume, 1:1.5:3 gravel; parts 
0.00698 by weight, 1:1.65:3.42 gravel; age, 84 
£0.00642 days; compression, 2700 Ib. per sq. 
t0.00628 in.; age of compression specimen, 60 
0.00614 days. 
0.00674 
0:00753 Parts by volume, 1:1.5:3 gravel; parts 
0.00654 by weight, 1:1.65:3.42 gravel; age 84 
0.00585 days; compression, 2700 Ib. per sq. 
0.00553 in.; age of compression specimen, 60 
0.00516 days. 
0.00451 
0.00585 Parts by volume, 1:0.91, mortar; parts 
0.00587 by weight, 1:1, mortar; age, 62 days; 
0.00535 1:2 mortar showed 5100 Ib. per sq. in. 
0.00593 after 60 days. 
70.00863 
0.00733 Parts by volume, 1:3:6; parts by weight, 
0.00720 1:2.56:6.60: age, 49 days; compres- 
ae sion, 778 lb. per sq. in.; age of com- 
0.00798 pression specimen, 52 days. 
0.00844 


Janesville sand, Janesville gravel and Madison 
Universal Portland cement 


placed on the ways of the machine, giving the 
depth of the hole to be drilled. When the 
second mark was reached the signal was given 
and the counting stopped. 

Weights amounting to 70 lb. were used in 
all but two instances. For the 7o-lb. weight 
the net feed pressure transmitted was 68 Ib. 
The no-load current was 2.5 amp, and the 
full-load varied from 14 to 16 amp. The table 
gives the results of the tests. 


CoNCLUSIONS 


As a result of the tests the following con- 
clusions were reached: 

1. The experiments were not extended 
enough to make it clear whether there is any 
definite law existing between the boring speed 
and compressive strength of all grades of con- 
crete. 

2. The supply of electrical power to the 
motor was at times not constant, and there 


their work was fairly uniform, so that it was 
possible to form a pretty good idea of the 
character of the concrete from the time it took 
to drill the holes to a depth of 12 in., and the 
men were average drillers.” That the drilling 
furnished a very unreliable criterion as to the 
character of the concrete is evident for the 
following reasons: (1) The variation in the 
age of the concrete, it being from two and 
one-half years to six weeks old; (2) the per- 
sonal equation of the drillers; (3) the condi- 
tion of the drill as to sharpness or dullness; 
(4) the failure to differentiate between these 


factors. 


Roap IMPROVEMENT IN BriTIsH COLUMBIA 
made during the past season, according to a 
report from the Minister of Public Works, 
cost a total of $4,000,000, of which $900,000 
was for bridges, $100,000 for road-working 
machinery and $70,000 for road-location work. 
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Sub-Organization for Maintenance 


By JOHN N. CARLISLE 
Commissioner of Highways, State of New York 


AINTENANCE is the really great prob- 

lem confronting those who are in charge 
of State highway departments. It is a problem 
which involves, first, the question of what 
scheme of organizing a department should be 
followed. 

Formerly maintenance work in New York 
was separate from construction, and was in 
charge of a maintenance bureau under dif- 
ferent divisions and under superintendents of 
maintenance. This plan of divided authority 
was so unsatisfactory that in the winter of 
1913 the State Legislature provided that both 
departments should be consolidated under the 
control of the division engineers, and that the 
work of maintenance should be done either 
by contract or directly by the department. 

New York State is now divided into nine 
divisions, with a division engineer in charge, 
and we intend to subdivide each of these di- 
visions into about seven subdivisions. In 
charge of both construction and maintenance 
in each of these subdivisions we intend to ap- 
point an assistant engineer, who will be held 
responsible for the condition of his roads. 

The New York plan in the past has been to 
rely largely upon the patrol system—placing 
a man with a horse and wagon in charge of 
a short number of miles and imposing upon 
him the duty of keeping his section of the road 
in repair. While we do not believe in entirely 
abandoning this system, we are arranging for 
an organization of section gangs in each of the 
subdivisions. Each section gang is to be fur- 
nished with equipment with which roads can be 
oiled and repaired. 

We believe that in following the methods of 
the steam railroads in taking care of their 
tracks we can accomplish better results than 
in any other way. This problem, of course, 
means the organization of a proper section 
gang with equipment sufficient to do repair 
work. Our plans call for the furnishing of an 
auto truck, pressure sprayer oiler, steam roller, 
and heating tanks, together with small tools. 
It is believed that each section gang will be 
large enough and well enough equipped to 
clean and oil the roads and make temporary 
and permanent repairs on any type of a road 
already constructed. 


Realignment, Grading and Drainage 


By S. D. FOSTER 


Chief Engineer, Pennsylvania State Highway 
Department 


ETERMINATION of the amount of 
grading to be done in connection with the 
improvement of any highway depends upon 
the amount and nature of the travel and the 
topography. Excessive grades increase the 
cost of transportation and also add a heavy 
burden of maintenance, and it is always ad- 
vantageous to lengthen a road and eliminate 
an excessive grade. This, as a whole, should 
be governed by the following axioms: 
1. No greater load can be moved over a 
highway than is moved over the maximum 
grade. 2. It is generally true that a road over 


a hill is equal in length to one around the 
base. 2. If the tendency of the topography is 
toward a continued elevation, the grade line 
should never be allowed to have a descending 
grade, and vice versa. 

Sacrifice of straightness or of grade will be 
dependent upon the predominant nature of the 
travel. Where horse-drawn vehicles predom- 
inate, alignment should give way to the les- 
sening of the grade, as horse-drawn vehicles 
demand easy grade in preference to straight 
roads; where motor travel predominates, the 


grades should give way to alignment, for the . 


rapidly increasing use of motor vehicles places 
a new responsibility upon the roadmaker—the 
reduction of danger to life and property, 
which necessitates building highways with 
long easy curves. 


DRAINAGE 


In determining the amount of drainage it 
is well to remember that the ability of earth 
or soils to sustain loads depends largely upon 
the moisture present. Most soils can be com- 
pacted to form a good, firm foundation as long 
as they are kept dry, but when wet they be- 
come soft and in a great measure lose their 
sustaining power. The main problem, there- 
fore, in the construction of a highway is 
drainage, which is dependent upon proper 
location. If the ground is level and not sub- 
ject to flood there is seldom difficulty in loca- 
tion, but marshy ground underlaid with quick- 
sands is expensive to deal with and generally 
should be avoided, even though it involves a 
considerable detour. A quicksand well drained 
often makes an excellent foundation for a 
road; the drainage, however, must be thor- 
ough and rapid. lf the ground is level and 


subject to flood, mainly by backwater, an ade- 


quate number of small drains will usually ac- 
complish the desired result, except that it may 
cost a good deal to raise the grade of the road 
above flood level. Cases sometimes arise 
where it is more economical to build a road 
floodproof at a lower level and submit to an 
occasional interruption of traffic than to make 
a wide detour or go to the great expense of a 
fill or viaduct. 


Roaps SUBJECTED TO FLoops 


If the ground is level and subject to floods 
running at high velocity great care is neces- 
sary. The natural channel of the stream is al- 
together insufficient to carry the flood water 
and, if the bridge crossing the stream is made 
large enough to permit the flow to pass under 
it, extensive erosion is liable to take place. 
If overflow bridges are built they are very 
likely to cause formation of side channels. 
Usually the best treatment is to build the 
bridge large enough to pass the whole stream 
in flood time, straighten and widen the chan- 
nel of the stream as much as possible, remove 
obstructions and protect the banks at exposed 
points. 

In some cases it may be necessary to allow 
the flood water to overflow the road at some 
points, which must, of course, be made flood- 
proof. Where such overflow points are pro- 
vided, they should be made long and shallow 
to reduce as much as possible the velocity of 
the current flowing over them; otherwise ad- 
jacent property will suffer unnecessarily. These 
low places should also be so located as to re- 


duce the actual damage to the minimum, as it 
is the duty of the public official to protect the 
just rights of all parties. If the proposed road 
crosses a narrow valley with a rapid stream, 
it is almost always best to give the bridge 
ample waterway and fix the grade above the 
reach of high water, taking care, of course, to 
protect all exposed points against erosion. 
Where valleys are to be crossed it is always 
better to cross them where they are narrow 
and the streams rapid. Such conditions reduce 
the amount of embankment required and also 
the span of the bridge, requiring more sub- 
stantial construction, but proving more eco- 
nomical and more enduring. 

One other condition met with frequently 
upon the highways. of Pennsylvania is that 
arising from the tendency of one stratum of 
soil to slip upon another and thus cause land 
slides. These are most difficult and expensive 
to deal with, and it is seldom if ever worth 
while to attempt to hold such a movement of 
earth in place by piles or retaining walls. The 
only sure treatment is the thorough cutting 
off of the water before it enters the sliding 
mass. French drains with suitable laterals 
are generally better than tile drains, the use- 
fulness of which may be destroyed by a 
slight movement in the slide. The drainage 
must be ample, as regards the sizes and 
lengths of the drains and the sufficiency of the 
outlets. This is sometimes a very expensive 
treatment, but if well done a permanent cure 
is generally effected. 


Program for Administering 
Federal Aid 


By S. PERCY HOOKER 


State Superintendent of Highways of New 
Hampshire 


WE may expect National aid in highway 
construction within the next four years. 

I take up the question as given me, therefore, 
without arguing as to whether the Federal 
Government should participate. Three broad 
plans present themselves as to Federal aid: 
1. Shall the Federal Government adopt cer- 
tain highways regardless of State lines and 
proceed to improve and maintain such high- 
ways irrespective of the States in which they 
lie? 2, Shall the Federal Government ap- 
portion certain sums of money for the care 
and maintenance of post roads and contribute 
to the town in which individual roads lie either 
a proportion of the cost of maintenance or a 
fixed sum per mile? 3. Shall the Federal 
Government apportion a sum of money to be 
divided among the different sub-divisions of 
the States for construction of improved high- 
ways regardless of their future maintenance? 
I believe the arguments advanced for any 
of these three plans are based upon selfish 
ideas. The motor tourist realizes that through 
roads would be of an advantage to him and in 
almost every instance is an active adherent 
of the first plan. The farmer feels that any 
direct contribution from the National Govern- 
ment would relieve him of so much direct tax 
in his own town and he is for plan 3. The 
congressman, looking at the “pork barrel” 
which this appropriation would become were 
plan 2 adopted, feels that by log-rolling he 
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could procure a larger share of the money 
within his district than in any other way. 


THREE FAULTS OF PROPOSED PLANS 


If the Federal Government builds and main- 
tains certain through highways within a State 
there must be created a department which 
would dwarf many of the other departments 
of Government. I think also it would tend to 
the standardization of roads, which, in view 
of the great diversity of soils and of traffic, 
would be the most unfortunate proposition 
that could be attempted. It would be the 
height of foolishness to build in sections of 
Arizona and Kansas a standard highway 
which would be applicable to Westchester 
County, N. Y., and Suffolk, Mass., or Chester, 
Pa., and anything that would tend to this re- 
sult would be a fatal blow at the principle of 
Federal aid. I believe that under State aid 
more millions have been wasted in building 
too expensive roads than by committing any 
other error. 

I do not recall that I have seen an esti- 
mate of the cost of building national high- 
ways which exceeded $250,000,000, but it is 
clear to my mind that this is nothing but an 
entering wedge and that the cost, if this plan 
is followed, will run into the billions. Such 
highways, further, cannot be equitably appor- 
tioned on any base or ratio among the States. 
Suppose the transcontinental route selected 
should run across Minnesota, Dakota, Mon- 
tana, Idaho and Oregon. Does any one for 
an instant believe that the route through Mis- 
souri, Kansas, Colorado, Utah, Nevada and 
California could be omitted from the plan of 
through highways? Will not the advocates 
of the southern route—Arkansas, Oklahoma, 
Texas, and New Mexico—be equally as in- 
sistent? If you build a concrete highway on 
the middle route will you not have to duplicate 
on the other two? 

As to maintenance, if the entire United 
States Army were put out to maintain and 
patrol the roads on the completed system 
there would not be enough men left to guard 
the coast defenses. The head of such a de- 
partment would know personally nothing of 
the work done by his subordinates. Were he 
changed in office once in every four years he 
never would see a vast majority of the roads 
built under his direction. : 

I have nothing more to say in favor of 
plans 2 and 3 than of plan 1. The money sent 
in to the town treasurer on a rural delivery 
route would be. used-in the same manner that 
the town money now is upon that road. I be- 
lieve that, on the whole, present conditions 
would not be very much improved, and while 
the cost would be what successive Congresses 
cared to make it, the improvement of the road 
would be practically negligible. 


PROGRAM OF PROPOSED PLAN 


To turn from destructive to constructive 
criticism, I offer a schedule which I think a 
reasonable method of administering Federal 
aid. i 

Organize a department of highways under 
the Federal Government. Insist upon the 
organization of a State department of high- 
ways in each State as a condition precedent to 
receiving any State aid. Cause road maps to 
be furnished by each State department of all 
the roads within the State showing compar- 
ative assessed valuation per mile of the State 
as a whole as a basis for Federal aid. These 
maps should show the comparative status of 
those highways which in the estimation of 
the State department might be designated as 
through routes. Compute the proportionate 
per cent which the Federal Government 


should contribute by using three factors— 
population, mileage and assessed valuation— 
giving the States different ratios based upon 
this statement. Have the State department 
certify to the Federal department the amount 
which it would have available for construction 
and maintenance in any given year and base 
the Federal aid upon the amount raised ap- 
portioned from the ratio previously found. 

Have the State department file with the 
Federal department an application for aid upon 
given roads, indicating them upon the maps. 
These roads should be either continuous high- 
ways to be built under Federal aid or con- 
necting highways already built under State 
aid forming continuous highways. Have the 
State department file its plan indicating the 
class or type of road which it desires to build. 
Have the Federal department pass upon the 
general plans of the State department for the 
various types of road. Require the consent 
of the Federal department to the type indicat- 
ed as being used. Have the entire work ot 
construction and inspection in charge of the 
State highway department. Have finished 
work inspected by the Federal department and 
accepted or refused as it complies with the 
specifications for the class selected. Have 
the State highway departments certify as to 
the actual cost of the improvement with such 
detail as the Federal Government might insist 
upon and then have the latter remit such 
proportion of the cost as had been apportioned 
before the work was begun. Have the money 
given by the Federal Government for main- 
tenance expended only upon such highways as 
had been built under Federal aid, and in the 
same proportion as the ratio of cost. Give 
to the Federal department the right to with- 
hold all aid both for construction and main- 
tenance if the highways built with its aid are 
not properly maintained. 

I realize that this is simply the plan of 
State aid as adopted by many of the States, 
except that the supervision is placed not with 
the Federal but with the State highway de- 
partment. The reasons for this are that the 
State department would be far more likely to 
be conversant with the needs, wishes and de- 
sires of the travelers than the Federal depart- 
ment, and with the clause that such Federal 
aid should be expended only on continuous 
highways a system would be completed far 
more rapidly. It seems to me that by this plan 
the State departments would be able to select 
the class of construction best adapted to local 
conditions and that, if Colorado or New 
Mexico were satisfied with a graded highway, 
while New York and Massachusetts required 
a pavement, the best interest for all would be 
conserved by permitting the building of the 
class of road which the State officials thought 
satisfactory. 

The Federal Government having made 
specifications as to how a pavement should be 
laid, should be satisfied to award Federal aid, 
provided these specifications were in general 
carried out and there was no difference of 
Opinion as to how much per mile should be 
expended. 


DESIGNATION OF MAINTENANCE FUNDS 


My first thought was that the sum which 
the Federal Government made available for 
each State should be used where needed either 
in maintenance or construction. I have de- 
cided, however, that in many instances such 
a course would result in not extending the 
construction of new highways, and my pian 
limits the maintenance given by Federal aid 
to stretches of highway which have been con- 
structed under Federal aid. 

Perhaps the most difficult matter of adjust- 


ment according to this plan would be the »ro- 
portionate amounts. which the different States 
should receive. There can be no question that 
the State with a large road mileage and smal: 
assessed valuation should receive a larger 
proportion of Federal aid than the richer 
State, and the first idea is that naturally the 
assessed valuation per mile should be the unit 
in determining a proportionate aid; but it 
seems to me that population should also be 
taken into account. 

In many of the States the laws have been 
amended so that a considerable portion of the 
State aid is now spent within villages. This 
I consider unwise. I realize that on through 
highways frequently the outlet to such high- 
ways, even in the cities, is in far worse con- 
dition than the country road, but it does not 
seem that even State-aid money should be 
spent upon improving the streets within a 
municipality. 


Problems of Administration 


By Col. EDMUND A, STEVENS 
State Highway Commissioner of New Jersey 


HE condition of the public roads to-day 
is generally admitted as a good measure 
of a community’s advance in civilization. This 
condition depends upon two factors—first, 
correct planning, design and construction, and, 
second, proper upkeep. Both factors are in 
turn dependent on efficient administration, in- 
cluding all of the numerous details of man- 
agement, exclusive of the technical engineer- 
ing work. As a pioneer nation, we still act 
on the principle that any two-handed man 
who can earn a living and is fairly honest can 
care for a road and that the highway engi- 
neer is an almost superfluous luxury whose 
main duty is drawing pretty but useless pic- 
tures of work and whose service and pay 
should be cut down to the minimum. 


TRAINED ENGINEERS ESSENTIAL 


The engineer is essential to good roads; you 
can not build them and have them stay built 
without his aid. We too often spend State 
money in building magnificent roads without 
taking any thought of their administration 
after completion. In New Jersey, as in many 
other States, we turn over these roads to elec- 
tive bodies of constantly changing personnel 
and politics—bodies not fitted by training for 
the technical work of administration—with- 
out requiring the employment of trained men 
and without setting any required standard of 
maintenance. At best these bodies are un- 
connected units and their work is not systema- 
tized and co-ordinated to a common end. 

Whatever may have been the case twenty 
years ago, the motor vehicle and its ever- 
growing commercial importance to-day de- 
mand continuous roads. The condition of 
every part of such a road is a matter of gen- 
eral concern and not to be localized if the 
value of the investment is to be realized. 
While this statement is true as to all public 
roads, its importance is greatest in the case of 
the main arteries of traffic. These will natu- 
rally cross municipal and county boundaries. 
The cost of the upkeep of any portion within 
one municipality bears no close relation to the 
benefit to the community nor to its financial 
ability. In the case of less important roads 
the benefit accrues largely to the locality. 
Hence it becomes advisable to classify roads 
so as to provide equitably for the distribution 
of the cost of maintenance. 

In whatever manner this classification is 
made and whatever system of administration 
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is chosen, certain underlying principles must 
be adopted if the best results are to be ex- 
pected—there must be a central control to 
secure the direction of all efforts to a common 
end, an adequately trained force, and sufficient 
funds. 

As to the first of these principles, whether 
there be a system of State highways or 
whether localities are left in charge of their 
own roads, someone must lay out the through 
lines and there must be some uniformity in 
their design and improvement as well as in 
the condition in which they are to be main- 
tained. These cannot be left to the chance 
agreement of a number of municipalities. 
Work both in construction and repair must be 
planned to give the best results for the State 
at large. For the purposes of scientific de- 
sign statistics as to traffic over various types 
of roads and the comparative cost of the 
maintenance under varying conditions of load 
must be gathered, compiled and analyzed. 
New types of construction must be tested and 
proved. All of this is work which local bodies 
are seldom fitted to perform, even were their 
means and the value to them of the data ob- 
tained sufficient to justify the considerable 
expense involved. 


ORGANIZATION 


The need of a trained and disciplined force 
is beyond doubt. The most important men will 
be those at its head and these naturally will 
be engineers. Highway engineering in its 
theoretical requirements is simple enough. 
Except as to bridges few problems arise re- 
quiring high mathematical training. There is, 
however, an almost unlimited field for the ap- 
plication of the thoroughly digested informa- 
tion that comes only with extended experi- 
ence. The power to acquire, digest and sys- 
tematically apply this information is what 
makes the practical engineer, such as is needed 
in highway work. This training is best ac- 
quired on the work itself by young men with 
thorough technical preparation. The ideal 
road force must attract such men, must offer 
them a training and a future. Only in a 
large force, free from political control and 
with fair chances for promotion as reward for 
proved efficiency, can such conditions be in- 
sured. 

That which is true for the technically 
trained young man is likewise true for the re- 
pair man. All officials actually in charge ot 
roads, no matter how important or unim- 
portant their tasks, should form units of a 
trained force, without consideration of 
whether they be employed by township, 
county or State. To every State official will, I 
believe, at once occur many instances of waste 
by improper repair, of petty graft and of 
stupid or ill-planned work. Without a force 
which at least is supposed to be trained, it is 
hard, if not impossible, to enforce that indi- 
vidual responsibility which must underlie any 
efficient administration. Good roads are 
needed under all jurisdictions if the com- 
mercial potentiality of any general highway 
system is to be developed; hence the co-ordi- 
nation and unity not only in the State forces 
but in all officials charged with providing effi- 
cient road service for the people of any State. 
To-day the civil service system seems the only 
means of recruiting such a force. Whatever 
may be the shortcomings of this source of 
supply, it is preferable to political control. 
Above all, any force must have a spirit of 
loyalty, of devotion to their work and of pride 
therein; in a word, an “esprit de corps.” With 
this, men far from ideal in attainments and 
organization can and will accomplish results 
impossible to the most perfectly fitted and or- 


ganized body not animated by this life-giving 
force. 


MetrHops oF ADMINISTERING FUNDS 


In providing for original improvement, the 
choice of the bond-issue or of the “pay-as-you- 
go” method or some combination must be 
made. The elements in this choice are the 
comparative cost to the taxpayer and the re- 
turn to the public in road service. My own 
experience is that these are seldom considered. 
The decision is usually based on the desire of 
finding the easiest way out of a difficult 
dilemma, satisfying the demand for good 
roads and keeping down the next year’s tax 
levy. The troubles of the officials in charge 
thirty years hence rarely worry one very 
much, 

I have worked out an example as follows: 
Take a case involving $10,000,000 in bonds, 
issued at the rate of $1,000,000 a year for ten 
years, bearing 4 per cent interest and due 
thirty years from date of issue, with a sink- 
ing-fund charge of 1.783 per cent; assume that 
100 miles of road will be built each year, 
that the contractor will keep the road in re- 
pair for one year after acceptance and that 
the cost or repair thereafter is $500 a mile; 
the last bonds will be paid in forty years. 
The cost to the community will be: Sinking 
fund (construction), $5,527,300; interest, $12,- 
400,000; upkeep, $16,750,000; total, $34,677,- 
300, or nearly $862,000 a year as an average. 
The yearly charge varies from $57,830 in the 
first year to $1,073,800 for the thirteenth year, 
at which maximum it remains to the thirtieth 
year, after which it decreases to the fortieth 
year, where it becomes $500,000, the repair 
charge. 

If, on the other hand, a fund of $860,000 be 
set aside each year to keep roads built in re- 
pair and the balance used to build roads, the 
1000-mile system would be finished in less 
than seventeen years. The cost of the system 
with its maintenance to the end of the forty- 
year period would: be $25,779,000. There is 
a saving of almost $9,000,000 against which 
the community has enjoyed the use of the 


- whole system for about nine years’ more time. 


The money spent will have been disbursed 
as follows: For construction, $10,000,000; 
for upkeep (forty-year period), $15,779,000; 
total, $25,779,000. 

If the average yearly charge of $860,000 be 
kept up for the whole period of forty years, it 
would be possible to increase the total mile- 
age to about 1525, but from that date on the 
upkeep charges would be $763,000 instead of 
$500,000. 

All of these plans, as well as one providing 
for a gradually increasing charge, should re- 
ceive consideration before deciding on the 
method to be followed in any case. 

The general consideration of how the roads, 
after being planned and built, are to be kept 
in order is a vital part of administrative work. 
A thorough comparison of the total cost dur- 
ing a period under different financial plans in- 
volves such consideration. The changes of the 
last few years in the character of road traffic, 
its unforeseen increase in amount and in de- 
structiveness to road surfaces emphasize the 
need for the most liberal allowances for this 
item. There are certain items in the cost of a 
road that are permanent investments. The 
right-of-way is pre-eminently of this class; 
the grading, drainage, and, in some cases, the 
foundation, are of such a nature that with 
reasonable care they can be kept, at a small 
yearly charge, in such condition that no de- 
preciation takes place. The surface, how- 
ever, is frequently of a material that, after a 
term of years, will have to be replaced and 


hence an item of drainage that cannot be made 
good every year will introduce a depreciation 
charge to further complicate the problem. 
However costly a good road may be in its 
building and upkeep, it is less costly to the 
community at large than a bad road. It is the 
duty of the road administrator to see that the 
road is provided and kept in a condition to 
return a profit to those who pay for it. 


Letters to the Editor 


Stress Analysis of Circular Tubes 


Sir: In the Engineering Record of June 
14, page 669, appears an article on “Stress 
Analysis of Circular Tubes,” by Mr. Bjérgulf 
Haukelid, dealing with various kinds of con- 
centrated as well as uniformly distributed 
loads. The theory which Mr. Haukelid makes 
use of in his calculations can be found in 
various text books, the most complete of which 
are Miller-Breslau’s “Die Neueren Methoden 
der Festigkeitslehre” and Bach’s “Elasticitat 
und Festigkeit.” The formule given in these 
works are only applicable to materials obeying 
Hooke’s law—i. e., steel, and, to some extent, 
iron. Exceptions to this law are cast-iron and 
concrete, leather, stone and metals in general. 
The writer, therefore, wishes to emphasize 
that a direct application of Mr. Haukelid’s 
equations to cast-iron, plain or reinforced 
concrete tunnels or tubes is prohibitive. These 
facts have not been pointed out in Mr. Hauke- 
lid’s article, which gives the impression of be- 
ing of general application. In contrast to this 
neglect stand his statements of the funda- 
mental theory on which he has based his calcu- © 
lations. He states, unfortunately, the theory 
erroneously in the fundamental equations, but 
avoids most of his first mistakes in the appli- 
cation. The writer, therefore, wishes in the 
following to make a few corrections, and will 
also show the limitations of the theory of 
which Mr. Haukelid makes use. 

In order to establish the equations for 
curved beams it will be necessary to refer 
briefly to the fundamental theory as given in 
Bach’s “Elasticitat und Festigkeit.” The 
theory, as far as it concerns this article, may 
be stated briefly as follows: In any curved 
beam, whose center line is a plane curve, sup- 
porting a load P at some point there exists at 
any cross-section of the beam a normal force 
and a bending moment, due to which the 
neutral axis does not coincide with the center 
line. The bending moment is taken with a 
positive sign when tending to decrease the 
radius of curvature of the center line, and if 
the radius tends to increase the negative sign 
is used. The normal force is reckoned posi- 
tive when tensile and negative when com- 
pressive. 

From Fig. 1 the following equations may 
therefore be established: 

4 

7 WxEr@ =r) 

where S is the unit stress at any point + y 

length units from the center line, N the nor- 

mal stress, M the bending moment, F the area 
of the cross-section, r the radius and 
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Looking at Fig. 1 it is seen that the orig- 
inal radius, through the influence of the forces, 
assumes the value 9. The angle undergoes a 
similar change from dg to dg-+ Adg. Calling 


(1) 
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Adg/dg = w, the total change of an angle 9 
may be stated 


EAdg = f ode (3) 


The value of w can be shown to be 


MM 
o=z a ar += =, 

The above equations (1), (2), (3) and (4) 
are applicable to any beam whatsoever, so long 
as the following conditions are fulfilled: 

(a) The beam must be curved in one plane 
only ; 

(b) The beam must be continuous and of 
constant cross-section ; 

(c) The stresses in the beam must fol- 
low Hooke’s law. 

(d) The temperature must be uniform 
throughout the beam. 

Returning to Fig. 1, it will be noticed that y 
may have any value from zero to e. If, now, e 
is small in comparison to the radius r the 
value of 


(4) 


x =I1/Fr approximately 


I is the moment of inertia of the beam sec- 
tion. Introducing this approximation, our 
formule assume the following appearance: 


s=N/F+M/Fr+Myr/I(r+y) (1a) 
© = (1/EF)(N-+M/r-+-MPr/I) (4a) 


Now, in order to reach Mr. Haukelid’s 
plane, we must make still another approxima- 
tion—i.e., M/r will have to be considered as 
of no consequence. That this in some cases 
is a permissible step becomes clear when 
viewing equation (4a), where the term M/r 
decreases while MFr/I, the last term, in- 
creases when r increases. Equation (4a) may 
therefore be written 


I MFr 


Now, if the reader will number Mr. Hauke- 
lid’s equations by (1), (2), (3), ete., the 
writer will point out where Mr. Haukelid has 
gone astray. Mr. Haukelid says in the middle 
of the first column of his article: “In order 
to determine M, we note that the total change 
of angle from A to B is zero. In other words, 
the angle AB always remains go deg. or 


(4b) 


us 


2 
Hi do = 0”. It is easy to see that he confuses 
oO 


the constant angle AB with the variable 
angle . The equation he is driving at is evi- 
dently equation (3) of this article, or UAdg = 


wdg, which, if integrated between the limits 


x 
2 
o and 7/2, becomes i odp =o. But even 


2) 

this form of the equation is of no value un- 
less the two concentrated loads P (see Mr. 
Haukelid’s Fig. 1) are located at B, thus in 
reality being one concentrated load. That 
this is obviously so will be understood if one 
tries to write equations for the variable bend- 
ing moment between A and B. Mr. Hauke- 
lid himself gets two equations. The mathe- 
matical continuity of an equation for the mo- 
ment either from B to where P is applied or 
from A to P ceases at P. For this very rea- 
son we cannot integrate the last equation be- 
tween o and 7/2, as Mr. Haukelid has stated. 
The correct equation as applied to Figs. 1, 2 
and 3 of his article should therefore read 


ij way +f wdg = 0 
a oO 


And this is to be substituted for Mr. Hauke- 


(5) 
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lid’s first equation. Proceeding further in his 
article we come to a statement: “But from 
the equation of the elastic line 


de = Mds/EI + Nde/EF,” 


That this should be the equation of the elastic 
Haukelid’s own inven- 
tion, and the writer shall therefore leave this 
statement without comment and instead pre- 
sent what he thinks Mr. Haukelid really 
means. : 
Looking at equation (4b) of this article 
we find that it can be written in this form: 


o = Mr/EI +. N/EF. 
Multiplying both sides by dg we get 
odo = Mrdo/EI + Ndo/EF. (6) 
That this is the equation Mr. Haukelid is driv- 
ing at there can be little doubt. His state- 


ment that ds=rdg, since he previously said 
that 


2 . . . 
/ dg = 0, is not without interest. 
oO 


Arriving at Mr. Haukelid’s third equation 
we note the same tendency to integrate a dis- 
continuous function; and, although in the ap- 
plication no use is made of this third equation 
in that form, but still another approximation 
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made, the correct equation ought to be given. 
If equation (4) of this article be integrated as 
indicated by equation (5), Mr. Haukelid’s 
third equation takes the form 


2 ( M’rde’  N’dg’ 
for x ) 
” a 
Mrrdg” , Nrdg” 
7 Acamage 


M’, M”, N’ and N” are introduced to empha- 
size that M and N are not the same functions 
from o to «/2, but discontinue at P. We 
shall now proceed to apply these approximate 
formule to Case 1 of Mr. Haukelid’s article. 

Before we can apply equation (7) the 
bending moments M’ and M”, and also the 
normal forces N’ and N” must be determined. 
(See Fig. 2 of Mr. Haukelid’s article.) At 
point 4 the bending moment is evidently + M, 
since it tends to bend the “beam” still more 
Besides the bending moment there also exists 
a normal force equal to —P. Now consider a 
section at C where the bending moment is M’, 
the normal force N’, and the subtending angle 
g. From the figure it is seen that 


= M, —Pr (1— sing), 


(7) 


and 
N’ =—P sing 
Similarly the bending moment between « and 
o is 
M” = M,— Pr (1—sin a) 
It is evident that N” is zero. 

The values here found from M’, M”, N’ 
may now be substituted in equation (7). To 
follow Mr. Haukelid’s example we shall drop 
the terms Ndo/EF, so as to get a result which 
will allow of comparison with that of Mr. 
Haukelid. This will therefore be the third 


approximation of the original equations. 
Equation (7) therefore takes the new form 


5 
i { M,—Pr(1—sin 9)} de 


a 
ai {My —Pr(x —sina) }de =o. 
Thus 
M, = 2[Pr(x/2)—Pr cos e—Pra sin «]—- 


By putting r sina =a, as Mr. Haukelid has 
done, and then writing the equation his way, 
we get 


M, =—2[Paa-+ Pr cos «— Pr(x/2)] 


This is the result Mr. Haukelid arrived at, 
the only difference being in the sign. To show 
within what limits the formule presented in 
this article may be used in their approximate 
form, it will be necessary to go back to 


equation 2. 
I V 
x= — == dF 
£ / C+u4 


There 
By multiplying this equation by Fr we get 


Fra=—r | y dF 


r+y 
By adding fi ydF = 0 to the right-hand side. 


enables us to write the equation thus: 


yr 
Fry = = dF 
is lees 


Again multiply by r on both sides and trans- 
pose the expression under the integral sign, 


and we have 
hae thee: 
Frx= = dF 
I+ y/r 


Now it is easy to see that the value the in- 
tegral approaches when r increases indefin- 


itely is { ydF. But this is the expression for 


the moment of inertia about the center line, 
hence 
Frx =I when r= 
and 
.= I/Fr’. 
Now the fact is that this value of x may 
safely be used even for quite limited values 
of r, as the following tables will show. 
According to Professor Bach’s “Elastici- 
tat und Festigkeit,” page 491, the following 
discrepancies occur if J instead of Fr°x is 
used. 
When 
r= h. 2k 3h 4h 
Frx/I = 1.18 1.04 1.02 1.01 


I is here the moment of inertia of a rectangu- 
lar section where h is the height. Thus 
I = bh*/12 if b is the width of the section. 
From the above table we notice that the error 
is only «I per cent when r=4h. If the 
section of which J is the moment of inertia is 
other than a rectangle, the error will not be 
much more than I or 2 per cent so long as 
r= 4h. We may, therefore, safely use the 
approximate formule when r > 4h. 


But now we come to the most important 
step in our calculations, viz., that of determin- 
ing the safe maximum stress. This side of 
the problem is entirely neglected in Mr. 
Haukelid’s article. The writer therefore pre- 
sumes that not a few, after having found the 
expression for the maximum bending moment 
M, would simply calculate the maximum 
stress according to the formula for straight 
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beams thus: S = Me/I, instead of using the 
formula for curved beams: 
Myr 
(r+y) 
which in the beginning of this article was 
numbered (1a). In order to explain the differ- 
ence we shall take a concrete example. Let 
M=M, =— 2[Pae + Prcosa — Pr(x/2)] 
=“: 2 = 10,000; Ibs ai Osa —moomin., 
y= e=+h/2, andr=4h. Thus r= 8e 
and e¢ =12.5 in. 

Substituting the values of P, r and « in the 
first equation given for M, makes 
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M4 = 364,000 in.-lb. 


Now calculate the moment of inertia, etc., 
from equation 
S = Me/I 


Assuming S = 16,000 lb. per square inch: 

I = 364,000 X 12.5/16,000 = 284.4 in.* 
The area of the section is found by putting 
the width of the section = 0b, and then deter- 
mine 0 thus: 

b(12.5)*/12 = 284.4 or b = 1.747 in. 


Hence the area F = 25 X1.747 = 43.7 sq. in. 
Now substitute these values in the equation 


sa a. 4 M, Myyr 
r Fr ' I(r+y) 
and put y=-—e so as to get the maximum 
stress, i.e., compression. The compressive 
maximum stress at point A is therefore 
___ 10,000 | 364,000 364,000.X 100 X 12.5 
43.7. ' 43.7100 284.4 (100 — 12.5) 
and S = — 18,430 Ib. per square inch. 


This shows a discrepancy of 


(18,430 — 16,000) /18,430 = 13 per cent. 


Considering now that we have been using 
approximate formule for determining M,, 
the actual discrepancy may be 20 per cent or 
more, instead of 13 per cent. And, further- 
more, if the radius r should happen to be less 
than 4h these approximate formule may be 
out 30, 40 or 50 per cent, the greatest possible 
error being about 75 per cent. 

The next two of Mr. Haukelid’s fundamen- 
tal equations are those for the elongation of 
the vertical and horizontal diameters. Instead 
of criticising the merits or demerits of these 
formule, which would only take up valuable 
space, the writer wishes to present a slightly 
approximated form of the correct formule as 
given by Professor Bach. Using Mr. Hauke- 
lid’s notation as far as it suffices, and for the 
rest referring to Fig. 2 of this article, we get 


Mr «Mr ae ailh 
Ax =yf dg f> do if dee 
ee SORT El Peep 


and 


?eMr Pe My veN 
Ave= —* =O d —_dy 
| es +f ET tot f EF 


From these equations it is comparatively 
easy to check Mr. Haukelid’s formule and his 
tabulated results. 


O. G. WELLTON, 
Assistant Professor of Mechanical 
Engineering, Queen’s University. 
Kingston, Ont. 


Sir: Prof. O. G. Wellton’s criticism of my 
article in the Engineering Record of June 14, 
page 669, has been submitted to me for a reply. 
In answer to his statement that my formule 
cannot be used for cast iron and concrete I 
have to say this: 

It is the general practice, and recognized as 
correct, to use Hook’s law and constant modu- 


lus of elasticity for both cast iron and concrete 
within the limits used for allowable unit 
stresses. Tests confirming the correctness of 
this statement have been made here and 
abroad, and for the purpose of answering Pro- 
fessor Wellton I will only refer to those made 
in the United States. The records of these 
tests are to be found in the University of IIli- 
nois Bulletin 22 under the title “Tests of Cast- 
Iron and Reinforced-Concrete Culvert Pipe,” 
by Prof. A. N. Talbot. On page 60, under 
“Comparison of Methods of Loading,” there 
is the following statement: “The tests under 
concentrated loads for both the cast-iron and 
the reinforced-concrete rings gave results 
which are consistent with analyses, both as to 
strength of the rings and the nature of the 
deflection of the curves and the amount of 
deflection.” 

On page 64 of the bulletin it is further 
stated: “The plain concrete rings broke under 
slight deflections at loads agreeing well with 
the calculated strength both for concentrated 
and distributed loads.” 

In spite of Professor Wellton’s assertion 
that the use of the formule is prohibitive for 
cast iron and concrete I believe that within 
practical limits they are correct for both ma- 
terials, and I think that engineers will sup- 
port me in this statement. 

In criticizing certain details in the mathe- 
matics of my article it seems to me that Pro- 
fessor Wellton is splitting hairs. In my analy- 
sis I have neglected all quantities that are of 
no practical value; my object was to produce 
useful formule for engineers. I made no at- 
tempt at a strict mathematical treatment of 
the subject. Experience shows that my ap- 
proximations are justified and all authorities 
recommend their use. 

Professor Wellton says that the most im- 
portant step in our calculation is the determ- 
ination of safe maximum stress. Taking his 
own figures for load and moment, he says that 
if the unit stress for bending is 16,000 lb. per 
square inch, he finds that the unit stress at 4 
is only 16,000 lb. per square inch, if the 
straight-beam formula is used. In the very be- 


- ginning of my article it was stated that at 4 


there is a moment plus a direct load, and Pro- 
fessor Wellton’s neglect of the direct load is 
absolutely wrong. 

If the load were placed to make the direct 
load the dominating factor and the moment 
small, Professor Wellton would only get a 
small unit stress due to the moment, while the 
actual unit stress would be large. 

The correct unit stress at A is S = Me/I 
-+- P/F, according to the straight-beam form- 
ula. If we chose the unit stress at A in bend- 
ing to 16,000 lb. per square inch, as is done 
by Professor Wellton, the actual combined 
unit stress is found as follows: 364,000 (12.5/ 
16,000) = 284.4 in.* and b(25°/12) = 284.4 
giving b = 0.218 in., and the area = 0.218 
X25 = 40 sqaine 

Note the mistake in Professor Wellton’s fig- 
ures. The correct unit stress is: 16,000 + 
(10,000/5.46) = 17,835 Ib. per square inch. 

Considering the beam curved, the unit stress 
is 19,440 lb. per square inch. The difference is 
(19,440 — 17,835) /19,440 = 8.25 per cent, 
which is quite different from Professor Well- 
ton’s I3 per cent. Furthermore, Professor 
Wellton’s statement that the actual discrepancy 
may be 20 per cent or more is nothing but 
guesswork and has to be treated as such. 
That the discrepancy may be 20 per cent or 
more is due to previous approximations. I 
will show how much influence one of the ap- 
proximations—that of neglecting the normal 
force and the deformation—has on the result 
in figuring the moment at A. 
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If the normal force is considered the mo- 
ment at A will be 


My =—Pr(*#=2 4 i ) 


2m 12rn 
2 


25 
= — (364,000 -+ 20,000 Facto <a 


= — 367,300 in.-lb. 


against 364,000 in.-lb., without taking the nor- 
mal force into the account. My other approx- 
imation amounts to the same thing. I did not 
mention anything about figuring the shell ac- 
cording to a curved beam formula because I 
assumed that engineers reading an article of 
this kind would be familiar with such matters. 
New York. ByOrRGULF HAUKELID, 


Simple Beam and Column Formule 


Sir: The writer has used the following ap- 
proximate formule for some time and thought 
they might prove useful to his fellow-readers. 
They are only in part original with the writer. 
The beam formule are based on an allowable 
fiber stress of 16000 Ib. per square inch and 
the column formula is based on an allowable 
stress of 16000—55//r (the formula given in 
the Bethlehem handbook). 


W = safe load in thousands of pounds, uni- 
formly distributed; w= weight of beam in 


pounds per linear foot; d = depth of beam in 
inches; s = span of beam in feet. 


W for standard I-beam and Bethlehem I’s 
= wd/s; w for standard channels and Beth- 
lehem girder beam = 1.1 wd/s. 

The deflection, D, in inches, of a standard 
I-beam, channel, Bethlehem I-beam or Bethle- 


hem girder beam under its safe uniformly dis- - 


tributed load = L*/6o0d. 

’ Twice the depth of the beam in inches 
(either standard I-beam channel, Bethlehem 
I-beam or girder beam) gives the span in feet 
at which the deflection is 1/360 of the span 
under its safe uniformly distributed load 
(1/360 of the span is the allowable deflection 
for plastered ceilings). 

The weight of section, in pounds, of a 
Bethlehem H-column required to support a 
given load for a given length of column is 
given by the following formula, where w' = 
weight of H per linear foot in pounds; W’ 
= load in pounds; /= unsupported length of 
column in feet; d=depth of H in inches; 
w = W* ~ (4700 — 750 I/d). 

The above formule can be used without the 
help of any tables and give results within two 
or three per cent of the true values. To de- 
termine the unsupported length in feet of 
Bethlehem H-columns at which the ratio of 
lr (radius of gyration) = 125, divide the 
depth of H (in inches) by 0.4. 

Ernest OwEN, 
Designing Department, Riverside 
Bridge Company. 
Martins Ferry, Ohio. 


A Sewer at EvuGeNne, Ore., providing for 
a population of 100,000, has just been com- 
pleted at a cost of about $200,000. The outfall 
in the Willamette River, which carries the 
sewage from practically the entire city, is 90 
in. in diameter and is so located that it can 
readily be extended downstream if the city 
grows in that direction and the sewage be- 
comes a nuisance. Tentative provision was 
also made for using the effluent on a sewage 
farm in case future legislation forbids dis- 
charging into the river. 
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After the Cave-In—Raising Car Tracks on Randolph Street 


Chicago Street Caves In Opposite 200- Foot 
Building 


Accident Occurs While Excavation for Trench, Protected by 
Steel Sheet Piling, Is Being Carried Down for Wall Foundations 


ETTLEMENT of Randolph Street, 
Chicago, in front of the new 200-ft. 
Marshall Field addition east of the 
alley between State Street and Wabash 

Avenue occurred about 11 p. m. Dec. 2. Co- 
incident with the drop in the pavement, which 
appeared to pedestrians to be caused by pass- 
ing street cars, the steel sheet piling, driven 
on the face of the curb wall at the outer edge 
of the sub-sidewalk space, 16 ft. from the 
property line, went down a maximum of 2 
ft. 9 in., bending the girders carrying the 


floors for the sidewalk and the basement and - 


sub-basement. The third basement floor, 42 


ft. below street level, is to be of reinforced 
concrete 24 in. thick, and will rest on the clay. 
It had not been placed, as excavation had 


ee Sub -sidewalk Space —— 


only proceeded about 3 ft. below the sub- 
basement floor. 

All structural steel has been erected and 
the building, which has a frontage of 150 ft. 
on Randolph Street and 120 ft. on Wabash 
Avenue, is practically closed in. The con- 
tractor, John Griffiths & Son Company, was 
rushing the work on the sidewalks so as to 
open them for public use. 


MovEMENT OF SHEET PILING 


Between 9 and 10 p. m. workmen excavating 
a trench along the piling under the sub-base- 
ment floor noted seepage through the sheet- 
ing and a little later water coming up from 
below into the trench. When the piling began 
to show signs of movement the men left, but 
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the basement was not flooded, as reported, 
although the water, which was turned off in 
twenty-one minutes by the water department, 
filled the soil under the pavement and came 
through to the surface. 

The 49-ft. United States steel sheet piling is 
reinforced every other pile by 12-in. I-beams. 
Later a concrete wall is to be built against the 
sheeting with a footing of sufficient width to 
reduce the pressure from the loading to 1% 
tons per square foot. Men were excavating 
the trench preparatory to placing this wall, 
but were still 14 ft. above the bottom of the 
sheet piling, which extended about 5 ft. be- 
low the bottom of the lowest basement floor, 
according to Mr. J. G. Giaver, chief struc- 
tural engineer for the architects. 


Water Main Breaks 


Previous to the accident the street had 
gone down about 6 in., not an unusual amount. 
On the north side of the street is a 12-in. 
water main from which a 6-in. connection 
was laid across the street to supply the former 
building. This 6-in. pipe was pulled out of 
the joint at the tee. Then, according to Mr. 
Giaver and Mr. E. R. Graham, supervising 
architect, water went down the outside of the 
sheeting, under it, and came up inside the 
excavation. This lubricated the sheeting suff- 
ciently to permit it to drop under the floor 
loads it was carrying. In other words, much 
of the skin friction was eliminated. A chute 
had been constructed into the Illinois tunnel 
to which excavated material was being con- 
veyed. Water found its way along and through 
the chute to the tunnel, the floor of which is 
level with that of the lowest basement. Most 
of the water, it is thought, escaped through the 
sewer. 

Engineers for the gas company found a 
maximum depression of 5 ft. 4 in. in the 
street grades. i 

Mr. Giaver states that the sheet piling did 
not bend but rotated slightly, as the top is 
cut 6 in.*and at the sub-basement floor it is 
in a maximum of 18 in. The inward motion 
of the sheet piling had therefore to “flow” a 
14-ft. depth of clay. Supporting the two 
floors under the sidewalk are 15-in. I-beams, 
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Sub-Sidewalk Space, Showing Buckled Floorbeams and Distortion of I-Beam A When End Framed to Sheeting Dropped 


Photographs Courtesy Chicago Daily News. 
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which also act as struts to take the horizontal 
thrust of the earth against the sheeting. 
There are two between columns and one at 
each main building column. The basement 
floor, the under side of which is shown in the 
photograph, is of tile, but the sub-basement 
floor is a 16-in. concrete slab in which the 
15-in. I-beams were embedded. Mr. Giaver 
states that the concrete was too green to 
offer much resistance. Both of these floors 
outside the property line act as horizontal 
strut plates, transmitting the pressures back 
into the main building basement floors. The 
intermediate sub-sidewalk I-beams bent the 
main floorbeams between columns a maxi- 
mum of 18 in. out of line. The main building 
columns rest on concrete caissons, which do 
not come above the lowest basement floor. 
The columns are not injured and the stability 
of the main structure is not questioned. 

When the sheeting dropped, one of three 
things must have happened to the unsupported 
8-ft. length of 15-in. I-beams opposite the 
main columns. The column pushed in an 
amount equal to the difference between the 
horizontal and diagonal dimensions; the 
sheeting pushed out into the street; or the 
I-beam shortened. The latter appears to have 
happened to the beam shown in the illustra- 
tion. No rivets were sheared in the  con- 
nections shown, but Mr. Giaver states that 
rivets at some of the other gusset plates were 
sheared. 


REPAIRS 


Repairs will consist in leaving the sheeting 
as it is, raising the outer ends of the I-beams 
supporting the sub-sidewalk floors and rivet- 
ing them to the sheet piling at the new level. 
Those which are bent will be replaced. 

A detailed investigation has been under- 
taken by engineers urder Mr. John Ericson, 
city engineer. As a future precautionary 
measure Mr. L. E. McGann, commissioner of 
public works, has asked Mr. Henry Ericsson, 
building commissioner, to withhold permits 
for the excavation of deep cellars until the 
Department of Public Works has passed on 
the adequacy of provisions for the protec- 
tion of the streets and public utilities. 


Testing Low-Head Water Turbines 


OLYOKE tests of the horizontal low-head 
water turbines at the Elkhart (Ind.) 
plant of the Indiana & Michigan Electric Com- 
pany gave maximum efficiencies of 86 per cent. 
On account of the more ideal setting at Hol- 
yoke the makers reduced the guaranteed per 
cent to 80, but by improved draft tubes and at- 
tention to other details one of the wheels under 
test at Elkhart gave 83 per cent efficiency. 
The methods of making the tests were de- 
scribed in a paper presented recently to the 
Western Society of Engineers by Mr. Lucius 
B. Andrus. Each of the two units has four 
50-in. runners, arranged tandem. When 
operating under 18-ft. net head the wheels are 
guaranteed to develop 1400 hp. at full gate 
opening, using approximately 51,500 cu. ft. per 
minute when running at a speed of 120 r.p.m. 
Fortunately, the Elkhart station layout has a 
long rectangular tailrace in which a weir 
could be constructed cheaply. 
In a written discussion sent by Mr. L. F. 
Harza, consulting engineer, of Portland, Ore., 


a test on a similar installation was described. 
Each unit consisted of six runners on a hori- = 


zontal shaft, under a head of 17 ft., discharging 
into a curved draft tube below and operating a 
1500-kw generator at 100 r.p.m. Water 
measurement by weirs was impracticable on 
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account of the expense. The test was, there- 
fore, made by thoroughly traversing the 
cross-section of the penstock upstream from 
the turbines with carefully calibrated current 
meters. Each test extended over several 
hours, and the meters were read almost con- 
tinuously during this time, check observations 
being made 1 ft. apart vertically and 20 in. 
apart horizontally over the entire cross-section 
of the flowing water, which was 20 ft. deep 
and 4o ft. wide. The position of the meters 
was controlled by vertical wires previously 
installed in the penstock and spaced 20 in. 
apart across the entire width. 


Preservative Treatment of Timber 
in Framing 


UCH has been written about the preserv- 

- ative treatment of the railroad cross-tie, 
but comparatively little attention has been 
given to the use of preservatives on structura! 
timber. In its comprehensive report recently 
presented at the Montreal convention, how- 
ever, the committee on preservation of timber 
of the American Railway Bridge and Building 
Association included this branch of the gen- 
eral subject, and offered general rules appli- 
cable to framing. These notes are taken from 
the report. 

Whenever possible all framing of timber 
should be done before treatment, even to the 
boring of holes. On a trestle the only fram- 
ing absolutely necessary is to cut the piles to 
the right height and apply the braces. The 
stringers, ties and the like can be framed and 
treated before going to the job, but this re- 
quires a refinement of workmanship not easily 
attained in this generation. 

Truss bridges can be framed and treated 
without actual assembling, but very few 
wooden trusses are now built, and in any case 
it is probably cheaper to house them in. As 
some framing is necessary it is important to 
do as little framing as possible and properly 
treat such framing as has to be done. When 
piles are cut off, the heads should be thor- 
oughly saturated with hot creosote, after 
which a good coat of hot asphalt or tar should 
be applied. If the cap does not entirely cover 
the piles, the heads should be chamfered on 
the sides, so the water will run off quickly and 
not work under the cap. Vertical bolt holes 
should be filled with hot creosote before bolt- 
ing and those in caps should be bored before 
treatment. : 

Braces should be fitted to the piles, and in 
no case should the skin of the pile be cut. 
Piles should be selected so that all in one bent 
will be of approximately the same size and 
any large protrusions on the piles should be 
cut off before treatment. 

No satisfactory method of treating hori- 
zontal bolt holes has been developed. It is 
not practical to fill the holes with creosote. 
The necessity for treating them at all has not 
been shown, but piles in water that varies in 
height ought perhaps to be treated. Experi- 
ments might be made by boring the holes a 
trifle small and burning them to size, as the 
charring of the wood might help. However, if 
the bolts are kept tight there will be little 
trouble. In such cases it would probably be 
best to spike the braces with boat spikes. 

In most cases it does not pay to creosote 
braces and girts, as they have a reasonably 
long life and are easily replaced. There is 


_also a considerable amount of framing to be 


done on them and this would to some extent 
impair the value of the creosote. A good 
brush treatment with creosote after framing, 
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or better, a good soaking in a tank of hot 
creosote, is probably as good as a pressure 
treatment for girts and braces if they are of 
the usual small sizes. . ; 

The committee does not recommend the use 
of creosoted material for caps, braces, string- 
ers and ties of open-deck trestles, but does 
recommend it for all parts of ballasted-deck 
trestles. The recommendations are general 
and are not intended to apply to localities 
where untreated material maintains its use- 
fulness for only a very short time. ~ 

Where framed bents are used on a pile 
foundation, the piles should be cut off high 
enough to keep the sill of the bent clear of 
the ground (the higher the better). The ques- — 
tion of preserving the material will depend on 
the cost of material and its economy in yearly 
cost, giving the preference to preserved mate- 
rial on account of the lessened delays to traffic 
due to reconstruction. 


National Transcontinental Railway 
Bridges 


Bee Moncton and Winnipeg on the 

line of the National Transcontinental 
Railway, Canada, there are 200 bridges having 
an aggregate length of 11 miles and a weight 
of 61,000 tons of steel; they cost more than 
$6,000,000. Some of the most interesting 
structures were mentioned by Mr. R. F. 
Uniacke, bridge engineer for the railway 
company, in an address at the Canadian Rail- 
way Club. 

Many of the bridges are plate-girder via- 
ducts,*among which is the bridge over Little 
Salmon River. It is 100 ft. high, 4,000 ft. long 
and contains 7,000 tons of steel. In the Bos- 
tonnais River bridge, where the deck plate 
girders are supported on comparatively low 
concrete piers, the spans are tilted out of a 
horizontal plane so that the girder webs are 
slightly inclined to the vertical and provide 
without shimming for the superelevation of. 
the outer rail on a curve. : 

Falsework for the erection of the Bush River 
bridge truss spans and for the preliminary 
temporary support of a contractor’s service 
track was made with the main bents capped 
at the proper elevation to support the chamber 
blocks for the trusses, and surmounted by 
center pony bents to carry track stringers and 
rails and provide for a construction track in 
advance of the bridge erection. 

The 80-ft. deck plate-girder approach span 
of the Okekodaski River bridge was supported 
at the shore end on a concrete pier that was 
wrecked by transverse displacement. The sub- 
soil was found to be unable to support the 15- 
ft. fill that had been retained by the abutment 
pier. Temporary repairs were effected by 
supporting the end of the span on timber crib- 
bing until a permanent low steel trestle could 
be built to replace the embankment. 


Tue Lowest Forest Fire Loss for a season 
ever recorded is the one practically ended now, 
according to the Forest Service of the U. S. 
Department of Agriculture. While there were 
about 2260 fires this year, as against 2470 last 
year, the areas burned over were 60,000 ana 
230,000 acres respectively, 780,000 acres. being 
burned over in 1911. Forest officers believe 
that the comparative immunity from loss has 
been due partly to a favorable season, but 
largely to a much better organization for fire 
prevention than has heretofore been attained. 
Carelessness is still, however, the cause of 
most of the fires. 


